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i 
ABSTRACT  	  	  	  Yersinia	  enterocolitica	  is	  a	  major	  foodborne	  pathogen	  found	  worldwide	  that	  causes	  approximately	  87,000	  human	  cases	  and	  approximately	  1,100	  hospitalizations	  per	  year	  in	  the	  United	  States.	  Y.	  enterocolitica	  is	  a	  very	  unique	  pathogen	  with	  the	  domesticated	  pig	  acting	  as	  the	  main	  animal	  reservoir	  for	  pathogenic	  bio/serotypes,	  and	  as	  the	  primary	  source	  of	  human	  infection.	  Similar	  to	  other	  gastrointestinal	  infections,	  Yersinia	  enterocolitica	  is	  known	  to	  trigger	  autoimmune	  responses	  in	  humans.	  The	  most	  frequent	  complication	  associated	  with	  Y.	  enterocolitica	  is	  reactive	  arthritis	  -­‐	  an	  aseptic,	  asymmetrical	  inflammation	  in	  the	  peripheral	  and	  axial	  joints,	  most	  frequently	  occurring	  as	  an	  autoimmune	  response	  in	  patients	  with	  the	  HLA-­‐B27	  histocompatability	  antigen.	  As	  a	  foodborne	  illness	  it	  may	  prove	  to	  be	  a	  reasonable	  explanation	  for	  some	  of	  the	  cases	  of	  arthritis	  observed	  in	  past	  populations	  that	  are	  considered	  to	  be	  of	  unknown	  etiology.	  The	  goal	  of	  this	  dissertation	  project	  was	  to	  study	  the	  relationship	  between	  the	  foodborne	  illness	  -­‐Y.	  enterocolitica,	  and	  the	  incidence	  of	  arthritis	  in	  individuals	  with	  and	  without	  contact	  with	  the	  domesticated	  pig.	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CHAPTER 1 
INTRODUCTION AND OVERVIEW 
Introduction 
Foodborne illness may be a plausible explanation for many of the cases of 
arthritis observed in past populations that are considered to be of unknown etiology. The 
incidence of arthritis in past populations can be better understood by examining how 
arthritis relates to foodborne illness in living populations.  Through an environmental 
health approach with the application of foodborne illness to study of the 
paleopathological occurrence of arthritis it is important recognize the relationships 
between biological and cultural interactions, environmental influences and the skeletal 
manifestations and patterns of arthritis observed in present populations. Once these 
relationships are understood in modern populations this information can be applied to the 
patterns of arthritis observed in past human populations for a more comprehensive study 
and clearer diagnosis (Kiplinger, 1979; Ortner et al., 1981; Lewis, 1998; Woods et al., 
1988; Rothschild et al., 1990; Roberts et al., 1995; Rothschild et al., 1997; Rothschild et 
al., 2005; Hannu, 2006).  
 Yersinia enterocolitica is a major foodborne pathogen found worldwide that 
causes approximately 87,000 human cases of infection and approximately 1,100 
hospitalizations per year in the United States. Y. enterocolitica is a very unique pathogen 
with the domesticated pig acting as the main animal reservoir for pathogenic 
bio/serotypes, and as the primary source of human infection. Similar to other 
gastrointestinal infections, Y. enterocolitica is known to trigger autoimmune responses in 
humans. The most frequent complication associated with Y. enterocolitica is reactive 
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arthritis -an aseptic, asymmetrical inflammation in the peripheral and axial joints, most 
frequently occurring as an autoimmune response in patients with the HLA-B27 
histocompatibility antigen. As a foodborne illness it may prove to be a reasonable 
explanation for some of the cases of arthritis observed in past populations that are 
considered to be of unknown etiology. This dissertation project investigates the 
relationship between the foodborne illness -Y. enterocolitica, and the incidence of 
arthritis in individuals in Arizona - both with and with out contact with the domesticated 
pig and pig products. This project will act as a baseline study for future research not only 
in the United States, but also in other countries where humans have frequent contact with 
the domesticated pig.  
 
Overview 
 Foodborne illness is a major concern of the world today. The prevention of 
disease plays a major role in the way that food is prepared and processed. Numerous 
regulations from the farm to the table have been put into place with the ultimate goal of 
protecting human health and safety. Under Title 21 of the Code of Federal Regulation, 
the Food and Drug Administration (FDA) of the United States, are the requirements for 
the way that food is received, stored, handled, and prepared to reduce the risk of 
contamination with foodborne pathogens and to ultimately prevent human disease. From 
an environmental health perspective, the foods that people consume and food handling 
and preparation processes put humans at the greatest risk for contracting and suffering 
from the effects of numerous foodborne illnesses (Montville et al., 2005; Salvato et al., 
2005; Simjee, 2007; Ray et al., 2008). Some of the more notable, and reportable 
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infections associated with outbreaks of foodborne illness include: clostridium, 
campylobacter, E. coli, salmonella, yersinia and shigellosis.  These infections all cause 
gastrointestinal upset and have the potential to make people very ill. In addition, these 
illnesses can cause debilitating long-term effects including arthritis, and in severe cases 
even lead to death (Ravagnan, 1995; Mead, et al., 1999; Monteville et al., 2005; Hui et 
al., 2001; Ternhag et al., 2008).  
Yersinia enterocolitica is a major foodborne pathogen that causes approximately 
87,000 human cases and approximately 1,100 hospitalizations per year in the United 
States (Mead et. al., 1999).  Yersinia enterocolitica is a very unique pathogen with the 
domesticated pig as the main animal reservoir for pathogen, and is the primary source for 
human infection. Contamination through pig offal and the handling and consumption of 
contaminated pork products are the usual transmission routes for the virulent strains that 
cause infections in humans (Bottone, 1981, 1999; Gyles et al., 1993; Ravagnan, 1994; 
Hui et al., 2001; Simjee, 2007; Wesley et al., 2008). 
Because the domesticated pig is the main animal reservoir for human infection 
with Y. enterocolitica, foodborne illness due to the contamination, handling, processing, 
and the consumption of pig and pig products may prove to be a reasonable explanation 
for some of the cases of arthritis observed in past populations that are considered to be of 
unknown etiology (Bottone, 1981; Jones, et al., 2003). The zoonotic relationship between 
Y. enterocolitica in the domesticated pig and humans may allow for the comparative 
study of the occurrence of arthritis between bioarchaeological and modern populations 
throughout the world. Populations that are known to have exposure to pathological 
bio/serotypes of Y. enterocolitica with numerous individuals affected and/or have had 
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foodborne outbreaks include: Finnish, Polish, German, Norwegian, Chinese, African 
Americans, and other populations worldwide that raise and slaughter pigs and/or work 
with pig products, and consume pork and pork items (Merilahti-Palo et al., 1991; 
Nesbakken et al., 1991; Abdel-Haq et al., 2000; Jones et al., 2003; McNally et al., 2004; 
Grahek-Ogden et al., 2007; Simjee, 2007; Bucher et al., 2008; Zheng et al., 2008; Boqvist 
et al., 2009).  
Y. enterocolitica, similar to other gastrointestinal infections, is known to trigger 
autoimmune responses in humans. The most frequent complication associated with Y. 
enterocolitica is reactive arthritis (ReA) - an asymmetrical inflammation in the peripheral 
and axial joints. Reactive arthritis is aseptic due to an infection elsewhere in the body, 
and can appear even months after the bout of gastrointestinal infection has been resolved 
(Hudson et al., 1976; Bottone, 1981; Foley et al., 1984; Taccetti et al., 1994; van der 
Heijen et al., 1997; Hui et al., 2001; Monteville et al., 2005; Schiellerup et al., 2008; 
Ternhag et al., 2008). It is now realized that the incidence of Yersinia-associated arthritis 
is greatly under diagnosed, and is commonly classified as undifferentiated arthritis (Foley 
et al 1984; van der Heijden et al., 1997).   
Reactive arthritis and its symptoms most frequently occur as an autoimmune response 
in patients with the HLA-B27 histocompatibility antigen as a result of the host’s immune 
response to Yersinia antigens (Dequeker et al., 1980; Bottone, 1981; Leirisalo et al., 
1982; Yu et al., 1985; Toivanen et al., 1985; Wakefield et al., 1989; Khan, 1995; Yu et 
al., 2003; Montville et al., 2005; Petersal et al.; 2005; Sikanjic et al., 2009).  Reactive 
arthritis is classified as one of the spondyloarthropathies (SpA), a family of arthritides 
that includes: ankylosing spondylitis (AS), ReA, psoriatic arthritis, enteropathic 
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spondyloarthropathy, arthritis associated with inflammatory bowel disease, and 
undifferentiated spondyloarthropathies – forms that fail to meet the clinical criteria for 
any of the other categories (Kiratiseavee et al., 2004; Kobayashi et al., 2005; Petersel et 
al., 2005).  The severity of the arthritis varies from mild and transient swelling or 
discomfort to serious and severely debilitating arthritis with permanent radiographic 
abnormalities (Resnick et al., 1981; Hui et al., 2001; Toivean et al., 2004). Reactive 
arthritis is commonly associated with spondylitis, sacroiliitis, and enthesitis 
(inflammation of tendinous and ligamentous insertions) (Petersal et al., 2005). Reactive 
arthritis can lead to the full picture of ankylosing spondylitis (AS) with all of the typical 
radiological signs, however sacroiliitis alone is more common (Toivanen et al., 1988). 
The purpose of this research project was to study the relationship between the 
foodborne illness Y. enterocolitica, the incidence of arthritis and HLA-B27 in individuals 
both with and with out contact with the domesticated pig. This line of research provides 
intellectual merit not only to the field of anthropology, but also for other fields including 
environmental health. Because human pathological strains Y. enterocolitica are found 
worldwide it is also a global health issue, however to date little research has been 
conducted to determine the frequency of human infection and the development of arthritis 
outside of European countries.  
Also, foodborne illness has not yet been the focus of anthropological studies –and 
could provide a new perspective in the field of anthropology. Subsistence strategies, 
socioeconomic status, and cultural activities and perceptions influence the interactions 
that populations have with the domesticated pig, its products and its interactions with the 
environment. These relationships can be studied comparatively within populations and 
6 
cross culturally between populations to determine how they influence the incidence of Y. 
enterocolitica infection, and ultimately arthritis. 
 
Problem Statement – Main Goal and Hypotheses 
Individuals exposed to pigs and pig products through farming and occupational 
activities and/or environmental contacts will be at greater risk of exposure to Y. 
enterocolitica. Individuals with exposure will display more signs and symptoms of 
foodborne illness related to Y. enterocolitica and have more symptoms of arthritis 
including those of reactive arthritis (ReA) and spondyloarthropathy than individuals with 
little to no contact with pigs, their products or their environments. 
 
To better address the overarching goal of this study the following two hypotheses 
were tested: 
 
H1: Individuals exposed to pigs and pig products through occupational activities 
environmental and/or dietary contacts will be at greater risk of exposure to Yersinia 
enterocolitica. These individuals will display more signs and symptoms of foodborne 
illness. 
 
H2: Individuals exposed to pigs and pig products through occupational activities, 
environmental, and/or dietary contacts will display an increase in the signs and symptoms 
of arthritis, ReA, and spondyloarthopathy than individuals with little to no contact to pigs 
and pig products. 
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        CHAPTER 2 
BACKGROUND INFORMATION 
Importance 
According to 1999 estimates presented by FoodNet and other surveillance 
agencies foodborne disease in the United States causes approximately 76 million 
illnesses, more than 300,000 hospitalizations and 5000 deaths in the United States each 
year (Mead et al., 1999; Frumkin, 2005; Salvato, 2005; WHO, 2007; Ray et al., 2008), 
with a financial burden in the United States alone estimated to be over $20 billion dollars 
per year (Ray et al., 2008). More than 200 known diseases are transmitted through food. 
Viruses, bacteria, parasites, toxins, metals, and prions can cause foodborne illness, with 
symptoms  ranging from gastroenteritis to life-threatening neurological, hepatic and renal 
syndromes (Mead, 1999).  
 According to the FDA over 40 different kinds of bacteria, viruses, parasites and 
molds occur in food that cause foodborne illness (FDA-Bad Bug Book, 2012). These 
illnesses include diseases such as Norwalk, Hepatitis A, Campylobacter, Listeria, 
Salmonella, Shigella, Escherichia coli, Vibrio, and Yersinia. Of particular interest for my 
dissertation research project is Yersinia enterocolitica, a major foodborne pathogen that 
like other reportable foodborne illness causes gastrointestinal infection and has the 
potential to initiate autoimmune responses, most frequently and notably reactive arthritis. 
Y. enterocolitica is know to cause approximately 87,000 human cases of infection and 
approximately 1,100 hospitalizations each year in the United States (Wesley et al., 2008). 
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The genus Yersinia and Species Distinctions  
There are 11 species in the genus Yersinia, classified within the family 
Enterobacteriacea; all are gram negative, oxidase-negative, coccobacillus (rod shaped), 
facultative anaerobes that ferment glucose, and are motile by peritrichous flagella (Hui et 
al., 2001; Montville et al., 2005). The four known pathogenic species of Yersinia include: 
Y. pestis, the causative agent of the bubonic plague and pneumonic plague (“the black 
death”), which is transmitted by the bite of a flea or by inhalation of respiratory aerosols; 
Y. pseudotuberculosis, a rodent pathogen that occasionally causes disease such as 
mesenteric lymphadenitis, septicemia, and immune-mediated diseases in humans; Y. 
ruckeri, a cause of enteric red mouth disease in salmonids and other freshwater fish; and 
the most prevalent species of Yersinia - Y. enterocolitica, a foodborne intestinal pathogen 
that causes gastrointestinal infection humans (Lund et al., 2000; Montville et al., 2005: 
Hui et al., 2001; Doyle et al., 2007).  
Yersinia enterocolitica (YE) was first isolated, reported as a human pathogen, and 
clinically described in the 1930’s by Schleifstein and Coleman (Bottone, 1977, 1981; 
Carniel, 2004; Thompson et al., 2007; Tirziu et al., 2011).  It shares between 10 and 30% 
DNA homology with other genera in the Enterobactericeae and is approximately 50% 
related to Y. pseudotuberculosis and Y. pestis, which share 90% homology.  Genetic 
analysis suggests that Y. pestis is a clone of Y. pseudotuberculosis that evolved 1,500 to 
20,000 years ago before the first known pandemics of human plague (Wren, 2003; Doyle 
et al., 2007). The species of Yersinia are distinguished from other members of the family 
Enterobacteriacea by their inability to ferment lactose, by their coccobacillary shapes, 
and by their loss of motility above 30oC/86 oF, with Y. pestis being non motile, and Y. 
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pseudotuberculosis and Y. enterocolitica, both of which become non-motile at 
37oC/98.6oF and can cause foodborne illnesses, (Hui et al; 2001; Ray et al., 2008).   
Despite being recognized as a foodborne pathogen since the 1970s, relatively little 
is known about the epidemiology of yersiniosis. Y. enterocolitica is a well-known 
foodborne illness throughout the world even though infection is sporadic and foodborne 
outbreaks are rare (Bottone, 1997, 1999; Hui et al., 2001; Howard et al., 2006). Yersinal 
infections have been observed on all continents, but the highest incidence of human 
infection appears to be most frequently observed in European countries. However, the 
true incidence rate remains unknown due a lack of diagnosis and reporting (Bottone, 
1977, 1997, 1999; Lund et al., 2000; Hui et al., 2001). 
What makes Y. enterocolitica a very unique human pathogen is its unique 
reservoir for the pathogenic strains and primary source of human infection – the 
domesticated pig. Approximately 90% of clinical cases of Y. enterocolitica are 
considered to be of foodborne origin with pork as the main source (Mead et al., 1999; 
Bottone, 1997; Hui et al., 2001; Jones, 2003; Montville et al., 2005; Doyle et al., 2007). 
Contamination through pig offal-edible internal organs, and the handling and 
consumption of contaminated pork products are the usual transmission routes for the 
virulent strains that cause infections in humans. (Bottone, 1981; Gyles et al., 1993; 
Ravagnan, 1994; Hui et al., 2001; Fredriksson et al., 2006; Simjee, 2007; Wesley et al., 
2008). Numerous studies show that there is a correlation between the consumption of raw 
or undercooked pork products and the prevalence of yersiniosis (Fredriksson-Ahomma et 
al., 2006; Doyle et al., 2007; Grahek-Odgen et al., 2007). 
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Biochemistry of Yersinia enterocolitica 
As a species Y. enterocolitica is extremely heterogeneous. It can be grouped on 
the basis of 33 lyposaccharide (LPS) O-antigens and 19 flagellar H-antigens (designated 
by lowercase letters), as well as 5 biotypes, based on its ability to metabolize selected 
organic substrates and 5 phage types (Bottone, 1981; Doyle et al., 2007).  The subspecies 
of Y. enterocolitica can be subgrouped biochemically into seven biotypes designated as 
1A, 1B 2, 3, 4, 5, and 6.  Currently only strains in the biotypes 1B, 2, 3, 4, and 5 are 
known to be human pathogens (Bottone, 1981, 1997; Hui et al., 2001; Fredriksson-
Ahomaa et al., 2006; Howard et al., 2006; Doyle et al., 2007).  
Genomic studies indicate that Y. enterocolitica evolved independently from Y. 
pestis and Y. pseudotuberculosis.  Since splitting from Y. pseudotuberculosis, Y. 
enterocolitica evolved into a genetically and biochemically heterogeneous species that 
can be divided into three clades including: a distantly related non-pathogenic clade -1A 
lacking the Yersinia virulence plasmid –pYV; the highly pathogenic, mouse-lethal clade - 
biogroup1B; and a low pathogenic (unable to kill mice) clade including biotypes 2, 3, 4, 
and 5 (Wren, 2003; Howard et al., 2006; Thompson et al., 2007). These biogroups also 
form geographically distinct groups with biotype 1B being most frequently isolated in 
North America (termed “New World strains”) where as biogroups 2-5 predominate in 
Europe and Japan (termed “Old-World strains”) (Thomson et al., 2007). Biotype 1B is 
genetically more diverse in comparison to the other biotypes and the split between 1A 
and 1B is believed to be ancient, unlikely due to recent human migratory movements to 
North America and is more likely due to ancient geographical land mass movements 
(Howard et al., 2006) 
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Through subtyping it has been noted that biotype 1A strains of Y. enterocolitica 
are commonly obtained from freshwater and terrestrial ecosystems and are the 
environmental strains. Biotypes 2 to 5 (“Old World strains”) are low in pathogenicity and 
are generally isolated in Europe and Japan (Howard et al., 2006). Strains of biotype 1B 
are the highly pathogenic subtypes, and are known to frequently trigger autoimmune 
responses and reactive arthritis.  Biotype 1B Y. enterocolitica is most often isolated from 
patients in the United States and are referred to as New World  “American” strains, 
although they have also been found in numerous European countries, Africa, Asia, and 
Australia (Howard et al., 2006; Doyle et al., 2007). 
Also, the strains of Y. enterocolitica species can be subtyped serologically 
according to heat-stable somatic antigens into eight serogroups based on 20 somatic 
factors (Bottone, 1981; Hui et al., 2001; Montville et al., 2005; Fredriksson-Ahomaa et 
al., 2006). This method provides a useful additional tool to subdivide the species in a way 
that relates to pathologic significance (Doyle et al., 2007).  Serotype O:3 is the variety 
most frequently isolated from humans, and almost all are biotype 4. Other serotypes 
commonly obtained from humans, particularly in northern Europe include O:9 (biotype 
2) and O:5,27 (biotype 2 or 3) (Doyle et al., 2007). Gastrointestinal tract pathologic 
findings focus largely on the serogroup of the invading strain. For example, serogroup 
O:8 - which is frequently found in America - produces more catastrophic events 
including extensive ulceration of the gastrointestinal tract and death, whereas serogroups 
O:3 and O:9 are less destructive (Bottone, 1997). 
Subtyping is an important tool, especially for epidemiological studies of Y. 
enterocolitica. It aids in the recognition of outbreaks and in determining the strain 
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responsible for infection. Also, subtyping aids in the isolation of the source of infection, 
and in detecting the cross-transmission of pathogens (Ray et al., 2008).  Until recently, 
subtyping of Y. enterocolitica strains largely relied on phenotypic characteristics such as 
biochemical properties (biotyping), O and H antigens (serotyping), antimicrobial 
susceptibility (antibiogram typing) and bacteriophage lysis patterns (phage typing).  
However the low discriminatory power of these techniques has lead to their partial 
replacement with DNA-based molecular methods (Virdi et al., 2005; Fredriksson-
Ahomaa et al., 2006; Ray et al., 2008).   
During the last decade numerous molecular methods have been developed and are 
now implemented including: ribotyping, pulse-field gel electrophoresis (PFGE), 
restriction endonuclease analysis of the plasmid (REAP), and PCR assays, ribotyping and 
southern blotting, and full genetic sequencing, to genetically assess the heterogeneity and 
determine virulence of microbial pathogens including Y. enterocolitica (Virdi et al., 2005; 
Fredriksson-Ahomaa et al., 2006; Sihvonen et al., 2009). These methods strengthen and 
expand the understanding of the taxonomic relationships between the strains of Y. 
enterocolitica, and can also be used to supplement serotyping and biotyping for 
epidemiological purposes. For example, through the use of PFGE and ribotyping data, 
Virdi et al. (2005) showed that strains of Y. enterocolitica belonging to serogroups O:3 
were distinct from those of serogroup O:9 and genotypically strains from O:9 were more 
closely related to O:5,27 strains. The results from this study also showed that the three 
most common European serovars (O:3, O:9, and O:5,27) were genetically distinct from 
the American O:8 serovar.  
13 
Not all species of Y. enterocolitica are pathogenic, however the pathogenic strains 
are widely distributed among the serogroups and have been identified in serogroups: 
O:1,2a,3; O:2a,3; O:3; O:8; O:9; O:4,32; O:5,27; O:12,25; O:13a,13b; O:19; O:20; and 
O:21. The pathogenic subspecies of Y. enterocolitica that cause human illness belong to 
serogroups: O:3; O:8, O:9, and O:5,27; and bioserotypes: 1B/O:8; 2/O/5,27; 2/O:9; 
3/O:3; 4/O:3 (Bottone , 1981; Hui et al., 2001; Monteville et al., 2005; Fredriksson-
Ahomma et al., 2003). Serotype O:3 is the variety most frequently isolated from humans 
throughout the world, with almost all of the isolates identified as biotype 4. Other 
serotypes commonly obtained from humans, particularly in northern Europe include O:9 
(biotype2) and O:5,27 (biotype 2 or 3) (Bottone, 1997; Doyle et al., 2007). 
An interesting fact that may prove useful for future anthropological studies is that 
pathogenic serotypes in these groups appear to have been distributed according to 
geographic niches. Up until recently the pathogenic serotype O:9 was found only in 
northern Europe and O:8 serotype was found in almost exclusively in the United States. 
In Sweden over 90% of infections were caused by O:3 biotype 4 phage 8, whereas in 
Finland 60% of infections were caused by O:3 biotype 4 phage 8, and O:9 the rest 
(Bottone, 1981).  Based upon recent reports, these geographic boundaries are no longer 
valid. Yersinia enterocolitica serotype O:9 is now found in the United States and serotype 
O:8 has also been reported in Europe and Asia. In 1991 the first case of gastroenteritis 
caused by Yersinia enterocolitica serotype O:8 was reported in Japan, with raw pork as 
the suspect vehicle for transmission (Hui et al., 2001).  Also, serotype O:3, which is 
commonly found worldwide, was not a frequent isolate in the United States until 
recently. Infections related to serotype O:3 in the United States have markedly increased 
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and O:3 is now the predominant Yersinia serotype isolated from stools in the U.S. (Lund 
et al., 2000; Hui et al, 2001, Montville et al., 2005; Simjee, 2007). The changes in 
distribution patterns of the different subspecies of YE may be related to increases in food 
exchanges between different nations due to the globalization of the world’s food supply 
and food trade. The changes in the distribution patterns of YE of may prove useful for 
future investigations in the fields of environmental health and anthropology including 
Global Health and paleopathology. 
 
Yersinia enterocolitica as a Zoonotic Disease 
Foodborne illness due to Y. enterocolitica is considered a zoonosis – a disease 
transmitted from animals to humans. Like many other disease-causing bacteria such as 
Escherichia coli and salmonella, Y. enterocolitica can survive in many environments. 
Yersinia. enterocolitica bacterium are found in terrestrial and freshwater systems such as 
soil, vegetation, lakes, rivers, streams and wells, and they can survive for long periods of 
time, especially at low temperatures and cold climates. Most subspecies of Y. 
enterocolitica found in these environments lack markers of virulence and are of biotype 
1A (Montville et al., 2005, Doyle et al., 2007). Also, Y. enterocolitica thrives and 
multiplies well in cold environments and under refrigeration. Because Y. enterocolitica 
has the ability to survive and flourish in cold environments it shows seasonal trends with 
marked increases in the winter months and in colder regions (Kapperud, 1991; Bottone et 
al., 1999; Lund et al., 2000; Hui, 2001; Fredricksson-Ahomaa et al., 2004; Bhaduri et al., 
2005; Wesely, 2008; Martinez et al., 2010; Wang et al., 2010).  For example, through the 
use of PCR Cheyne and colleagues (2010) found Y. enterocolitica virulence genes to be 
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present in water samples taken at low levels in surface water samples. These samples 
were from the Grand River watershed and used for drinking water in Ontario, Canada 
from 2006 to 2008. There was a higher rate of isolation in the winter months when the 
water was colder. 
Yersinia enterocolitica is a common cause of human foodborne illness not only in 
industrialized countries, but also in developing countries due to underlying food safety 
problems. Domesticated pigs, which are recognized as the primary reservoir for 
pathogenic strains of Y. enterocolitica around the world, are the main animal species 
from which the strains that cause human illness are found (Bottone, 1981, 1997, 1999; 
Kapperud, 1991, 1997; Hui et al., 2001; Montville et al., 2005; Fredriksson et al., 2004, 
2006; Doyle et al., 2007; Simjee, 2007; Wesley et al., 2008, 2010).  The primary route of 
human infection is fecal-oral contamination due to a lack of proper hygiene and 
sanitation (Fredricksson-Ahomaa et al., 2004, 2006; Simjee, 2007; Okwori et al., 2009).  
Yersinia enterocolitica, biovar 4, serogroup O:3 (4/O:3) is distributed worldwide 
and is the strain most commonly associated with human disease.  It is frequently isolated 
in pigs, and is the most common bioserotype isolated in European countries such as 
Germany, Finland, Greece, Italy, Norway, Switzerland and Poland (Korte et al., 2004; 
Frediksson-Ahomaa et al., 2007b; Bucher et al., 2008; Ortiz Martinez et al., 2009). Pigs 
also carry YE serogroups O:8, O:9 and O:527, particularly in geographic regions where 
human infections with these variants are common. (Bottone, 1981; Kapperud, 1991; 
1997; Hui et al., 2001; Montville et al., 2005; Ray et al., 2008; Shovian et al., 2009). The 
incidence of Y. enterocolitica is rare in the United States - probably due to under-
reporting.  Serotype O:3 is also the predominant serotype type presently found in pig 
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populations in the U.S., followed by O:5 (Bhaduri et al., 2005, 2009).  The change from 
O:8 to O:3 in the U.S. can most likely be attributed to importation of pigs from Canada 
with the globalization of the food market. In Great Brittan O:5,27 is dominant in 
slaughter pigs followed by serotypes O:9 and O:3 (McNally et al., 2004; Milnes et al., 
2007; Martinez et al., 2010) 
As the known reservoir and primary source of human infection, it is important to 
understand how pathogenic strains of Y. enterocolitica are transmitted from pigs to 
humans – the path of Y. enterocolitica from the farm to the table.  “Fattening pigs” (pigs 
weighing between 66 to 220 lbs. in the period prior to slaughter) are asymptomatic 
carriers of the human pathogenic strains of Y. enterocolitica, and are the major livestock 
reservoir of the pathogenic strains of serotypes O:3, O:8, O:9, and O:5 (Wesley et al., 
2008). Y. enterocolitica is most frequently isolated from the tonsils of pigs at slaughter, 
especially pathogenic Y. enterocolitica 4/O:3. Harbored primarily in the tonsils of pigs - 
the preferred site of infection -  Y. enterocolitica is also found in the tongue, cecum, 
rectum, feces, and gut tissue of the animals (Bottone, 1981, 1997, 1999; Kapperud, 1991, 
1997; Hui et al., 2001; Montville et al., 2005; Simjee, 2007, Fredriksson et al., 2004, 
2006, 2010).  Because pigs carrying Y. enterocolitica cannot be visually identified at 
slaughter, it is necessary to understand the route of carcass and pluck set (tongue, 
esophagus, trachea, lungs, heart diaphragm, liver and kidneys) contamination and any 
other factors affecting the occurrence of pathogenic Y. enterocolitica in pigs on farms and 
at the slaughterhouse to control the presence of the bacteria in the pork production chain 
(Bottone, 1981, 1997; Lund et al., 2000; Hui et al., 2001; Montville et al., 2005).  
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Numerous studies examining the occurrence of Y. enterocolitica in pigs at the 
farm and slaughterhouse level have been conducted.  For example, Pilon et al. (2000) 
studied the source and prevalence of YE on 20 swine farms in the province of Quebec.  
Twenty environmental samples from the different locations such as the pen separations, 
floor entries and exits, pig loading areas, stairs, shovels, water, suckling devices, and ten 
fecal samples from pens were taken at a minimum of five times on each farm between 
May and October 1997. The Y. enterocolitica were identified, serotyped and then 
genetically compared through the use of PFGE. The results of this study showed that 16 
of the 20 farms visited were positive for Y. enterocolitica in fecal samples and eight of 
the farms were positive for Y. enterocolitica in the environment.  As many as 80% of the 
farms had at least on animal infected with Y. enterocolitica and the number of isolates in 
environmental samples was directly proportional to the prevalence of microorganisms in 
feces. The results suggest that when the number of carrier animals is low, the 
transmission of infection by fomites is limited.  In addition, serotype O:3 (the 
predominate serotype in Canada) was found to be prevalent in 93.5% of the isolates 
recovered. The genotypic profiles of the isolates from the animals was similar to that 
found in the farm environments, indicating a correlation between the farm and the herd 
present on the farm. It is interesting to note from this study that the environmental factors 
where Y. enterocolitica were distributed had the potential to be orally or fecally 
contaminated by the animals.  
In the study by Laukkanen et al. (2009) the incidence rate of Y. enterocolitica in 
364 fattening pigs from conventional and organic farms in southwestern Finland between 
June 2003 and January 2005 was followed from the farm to the slaughterhouse. PFEG 
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was used to analyze isolated strains of carcass and pluck set contamination with 
pathogenic Y. enterocolitica. Also, the association between farm factors and a high 
prevalence of pathogenic Y. enterocolitica on farms was studied, comparing the 
production types and capacities, using results from a questionnaire and from on-farm 
observations.  Through the use of PFEG the study found that 37% pigs from 80% of the 
farms were positive for human pathogenic Y. enterocolitica - all bioserotype 4/O:3. The 
results demonstrated that pathogenic Y. enterocolitica 4/O:3 is transmitted from pigs to 
carcass and pluck sets.  All of the genotypes detected on the carcasses were found in the 
pigs from the same farm.  All positive carcasses originated from farms where the 
prevalence of pathogenic Y. enterocolitica 4/O:3 in pigs was 33% or higher. These 
findings suggest that the carcasses were contaminated with the strains carried during the 
fattening period, and the high prevalence of pathogenic Y. enterocolitica in pigs appears 
to predispose carcasses to contamination at the slaughterhouse. A reduction in the farm 
level of Y. enterocolitica could also lead to a reduction of Y. enterocolitica contamination 
of the carcasses at slaughter. The same Y. enterocolitica 4/O:3 genotype found in the 
pluck sets (tongue, esophagus, trachea, lungs, heart diaphragm, liver and kidneys) was in 
most cases found in the rectal, intestinal, or tonsil samples from the same pig.  
Also in the study mentioned above by Laukknen and colleagues, the prevalence of 
Y. enterocolitica-positive farms was found to be similar for both organic and 
conventional production systems. However, the study showed that the prevalence of 
pathogenic Y. enterocolitica 4/O:3 is higher in conventionally produced pigs than in 
organically produced. This result may be due to the higher production capacity of 
conventional farms than of low capacity small farms. Y. enterocolitica may spread on a 
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farm via close pig-to-pig contact or indirectly from the environment (contaminated feed 
or nipples). Therefore, a reduction in direct pig-to-pig contact and indirect contact from 
the environment may aide in controlling the spread of Y. enterocolitica.  
Due to the high number of Y. enterocolitica-positive farms it is not economically 
feasible to attempt to eradicate Y. enterocolitica on farms in most countries. A lowering 
of the within-farm prevalence of Y. enterocolitica on highly contaminated farms, in 
addition to improving slaughter techniques and hygiene, may be the most economical 
way to prevent cross-contamination and the transfer of Y. enterocolitica from pigs to pork 
products. In addition, because Y. enterocolitica may spread via pig-to-pig contact it can 
be introduced to new farms with purchased pigs. The between-farm transmission can also 
be lowered when the within-farm prevalence of Y. enterocolitica is lowered (Lund et al., 
2000; Laukknen et al., 2009) 
In a similar study Poljak et al. (2010) studied the prevalence of Y. enterocolitica 
shedding in finisher pigs –a growing pig above 150 lbs., to estimate bioserotype 
distribution, to ascertain if bioserotypes cluster by farm, and to determine whether 
positive herds cluster geographically. This study was part of a larger active monitoring 
system of pig herds in Ontario established in 2001- “The Ontario Swine Sentinel 
Project.” The primary objective of this project was to monitor infections and practices of 
public health importance in the swine industry on approximately 100 farms. Results from 
fecal samples taken from the herds and farms tested in 2001, 2002, and 2004 showed that 
pig-level prevalence of YE was 5.1% - in 2001, 9.1% in 2002, and 12.5% in 2004; herd 
level results showed prevalence of Y. enterocolitica to be 16.3%, 17.9%, and 37.5% in 
2001, 2002 and 2004 respectively. Bioserotype 4/O:3 was most prevalent in this study 
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followed by 2/O:5,27.  Farms were found to be positive for the same bioserotype, 
however there was no spatial clustering, probably due to a lack of between-herd 
transmission and lack of common geographic risk factors.  The primary limitations of this 
study were that the farms studied were not randomly chosen, tests were not repeated on 
the same farms during all three years, and the same detection methods were not used each 
year. 
In Fredriksson-Ahomaa et al. (2010) Y. enterocolitica was isolated from the 
tonsils of Bavarian fattening pigs originating from 37 farms. Through the use of PFEG 
31, genotypes of 4/O:3 were found. One hundred and sixty five of the 187 isolates were 
all positive for virulence.  From 27 farms (87%), isolates from 2 to 11 pigs were 
characterized. One genotype was found to be predominant for the isolates from most of 
the farms (71%) indicating that some farm-specific genotypes may occur. The result may 
be due to better adaptation of the strain to pigs and/or to the environment of the farm. 
Also, some genotypes were found among pigs from more than one farm indicating the 
widespread nature of the strains and that strains were not restricted to a particular farm. 
Some of the genotypes were recovered during different years showing that some strains 
can persist for a longer period in the pig population.  
A study by Martinez et al. (2010) was conducted to determine if the low incidence 
of reported human cases of yersiniosis in England could be attributed to a low incidence 
of enteropathogenic Yersinia in English pigs. The study revealed YE to be present in 44% 
of pigs and on 69% of farms examined. At least five bioserotypes of Y. enterocolitica 
associated with human disease were found to be present.  Bioserotypes 2/O:9 at 33% and 
2/O:5 at 26% were most commonly found. Bioserotype 4/O:3 which predominates in 
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other European countries (i.e., Sweden, Russia, Germany, Italy) was only found in 11% 
of the isolates in the study.  In addition, Y. enterocolitica was most prevalent in the winter 
months, a trend that has been also observed in other countries such as the U.S., Japan, the 
U.K., China, and Germany (Bottone, 1999; Wang et al., 2008, 2010; Wesely, 2008; 
Zheng et al., 2008; Martinez et al., 2010). The peak incidence of human YE infection in 
some areas coincided with the seasonal pig slaughter and there are accounts of 
simultaneous infections in pigs and pig farmers (Bottone, 1981, 1999). 
 
Spread of Yersinia enterocolitica to Workers and Consumers  
It is believed that European countries have a high hazard risk for Y. enterocolitica 
and high incidence rate of yersiniosis because pork is the primary meat eaten (Fosse et 
al., 2008; Wesely, 2008). The main source of contamination for edible offal is the tonsils 
- the growth site of human pathogenic strains of Y. enterocolitica infection in pigs.  
During the slaughtering process, the tonsils are removed along with the pluck set (tongue, 
esophagus, trachea, lungs, heart diaphragm, liver and kidneys) and hung on a hook or 
placed on a conveyor belt. This aspect of the slaughtering process makes the spread of Y. 
enterocolitica from the tonsils to edible offal and other parts of the carcass unavoidable 
due to cross-contamination (Fredriksson-Ahommaa et al., 2006) 
The incidence of cross-contamination with virulent strains of Y. enterocolitica 
resulting from the slaughtering process was shown in a study of slaughterhouses and 
butcher shops in Munich, Germany conducted by Fredriksson-Ahomaa et al. (2001). 
Through the use of the culture method and PCR the pathogenic 4/O:3 Y. enterocolitica 
was found on the brisket saw, the pluck set hook, evisceration knife, trim workers aprons, 
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meat inspection area computer keyboard, the handle of the coffee maker used by 
slaughter house workers, and the floor in the meat-cutting area. The same genotype was 
also found at the retail level on edible pig offal and pork indicating that pig offal is an 
important vehicle in transmission of Y. enterocolitica from the slaughterhouse to humans. 
These results show that cross-contamination occurred via many routes at the 
slaughterhouse, ranging from equipment, utensils, and hands.  In addition, the 
transmission of pathogenic Y. enterocolitica was demonstrated to occur from the 
slaughterhouse to the retail level in Munich, where Y. enterocolitica 4/O:3 is found in 
butcher shops. Through use of PFGE 12, genotypes were observed in 33 isolates from 14 
pork products and 2 environmental samples. The different genotypes were possibly due 
to the source of the raw pig materials - possibly different farms (Fredriksson-Ahomaa et 
al., 2004). 
The United States Department of Agriculture (USDA), Animal and Plant Health 
Inspection Service (APHIS), and the National Animal Monitoring System (NAHMS) 
Swine 2000 study provided baseline information on swine health in the U.S. Wesley et al. 
(2008) studied on-farm risk factors for Y. enterocolitica in market weight hogs in the U.S 
through on-farm sampling, and management questionnaires for up to 1000 operations in 
the top 17 hog-producing states (including Arizona), 92% of the U.S. hog inventory and 
75% of operations. Pig tonsils were swabbed and the culture method and real-time PCR 
were used with PCR showing more positive Y. enterocolitica results.  Farms were scored 
as positive when a single Y. enterocolitica ali-positive animal was detected. Thirty-two 
percent of the farms scored positive based on PCR amplification and 19% based only on 
conventional bacterial cultures of tonsil samples.   
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A kinetics study using the culture method of experimental pig infections showed 
that fecal and tonsil samples were both positive during the first 21 days post-infection, 
and by day 49 post-infection there were less than 10% of pigs excreting Y. enterocolitica 
in their feces. However, at slaughter on day 70 post-infection, Y. enterocolitica could be 
cultured only from tonsils and not from the gastrointestinal tract or associated lymph 
nodes.  In this study, when PCR was used to show prevalence in tonsils and fecal matter, 
ali-bering strains were found almost equally suggesting that tonsil samples may not be 
necessary.  Results from the study showed that virulent Y. enterocolitica is present in 
U.S. Swine with an on-farm prevalence of 45.1% and real-time PCR detected the ali-gene 
in 10% of tonsils and 13% of feces.  Also, prevalence of positive farm sites was lower in 
northern and southern tier states (33% to 37%) in contrast to corn belt states (57%), and 
sites sampled in the Fall were less likely to be positive than when sampled in the winter 
(Wesley et al., 2008). This seasonality may be due to Y. enterocolitica ability to flourish 
at cold temperatures including refrigeration and freezing (Lund et al., 2000; Hui et al., 
2001; Montville et al., 2005; Ray et al., 2008).  
Studies indicate that slaughterhouse workers and people that come in contact with 
pigs during the farming, slaughtering and/or butchering process are often infected with Y. 
enterocolitica. For example, Nesbakken et al. (1991) studied the prevalence IgG 
antibodies against YE O:3 in slaughterhouse employees, veterinarians, and military 
recruits. A direct relationship was found between working with animals and infection. 
This study showed that processing plant employees directly involved in the slaughtering 
process (17.9%) had a higher incidence of antibodies than employees from other sections 
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of the plant (8.2%) and office personal (2.2%).  Antibodies were also isolated in 17 of 
171 (9.9%) of the veterinarians examined with no difference in duties. 
 Nesbakken et al. (1991) also found a greater prevalence of antibodies in 
individuals who are directly involved with the slaughtering process but a decrease in 
antibodies as the employees are distanced from the animals.  Also, urban military recruits 
(who would be expected to have less pig exposure) showed a greater prevalence of 
antibodies than rural recruits who had more exposure to pigs. According to the study this 
observation may be due to eating habits, including pork consumption. Seuri et al. (1992a, 
1992b) also studied antibody levels in occupational groups with high exposure to pigs 
and pig products.  The results from both studies showed that workers on the farm and at 
the slaughterhouse more frequently had elevated IgG class antibodies against O:3 and 
O:9.  
In a similar study Merilahti-Palo et al. (1991) studied the risk of Y. enterocolitica 
infection in butchers by examining occurrence the of antibodies against Y. enterocolitica 
O:3 and O:9.  The results from the study revealed that the highest incidence of antibodies 
was observed in individuals working in the slaughterhouse who daily handled the throats 
and intestines of the pigs. The specific IgM, IgG, and IgA –class antibodies were low 
frequency indicating old infections; very few workers had high levels of these antibodies.  
It is important to note that slaughterhouse workers had symptoms of occasional and 
chronic abdominal pains, and diarrhea. In addition, a female worker who did not work in 
the slaughtering process, but prepared food for the slaughterhouse staff from pork 
products, had high levels of the antibodies indicating a recent infection. An HLA-B27 
positive butcher with reactive arthritis caused by Y. enterocolitica O:3 was included in 
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this study.  His chronic arthritis was accepted by his insurance as an occupational disease. 
This case along with the increased incidence of antibodies indicates that Y. enterocolitica 
is an occupational health risk for workers with pigs at slaughterhouses.  
 
Foodborne Illness and Yersinia enterocolitica 
Evidence that pigs and pig products are a significant reservoir of human Y. 
enterocolitica infection is based on epidemiologic studies linking the consumption and 
handling of raw or undercooked pork with yersiniosis (Abdel-Haq et al., 2000; Lee et al., 
1990; Lee et al., 1991; Bottone, 1999; Fredriksson et al., 2004; Bucher et al., 2008; 
Zheng et al., 2008; Boqvist et al., 2009).  For example, three cases per 100,000 
individuals with Y. enterocolitica were reported in the province of Ontario, Canada 
between 1997 and 2001. Also, approximately 90% of all clinical cases of Y. 
enterocolitica are considered to be of foodborne origin with pork as the primary source 
and 72.7% of people affected with Y. enterocolitica in Ontario could be 
epidemiologically linked to pork products (Mead et al., 1999; Lee et al., 2003). 
 Numerous studies report that yersinial infection is known to occur due to cross-
contamination and spread Y. enterocolitica from person to person after handling 
contaminated internal organs. Incidence of Y. enterocolitica infection is known to 
increase in the holiday season especially among children in African-American 
communities, caused by caregivers handling contaminated pig intestines while preparing 
chitterlings, spreading Y. enterocolitica to the children via cross-contamination due to the 
lack of proper hygiene by hand washing (Lee et al., 1991, 1999; Jones et al., 2003; 
Montville et al., 2005; Simjee, 2007; Martinez et al., 2010).  For example, Abdel-Haq et 
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al. (2000) conducted a retrospective investigation of stool cultures isolated from 142 
Detroit area child patients treated over a seven-year period at the Michigan Children’s 
Hospital. All of the patients were African-American except one, and 25 out of 30 cases 
have a history of chitterling preparation at the home before the onset of illness. The 
majority of the patients (139 out of 142) presented with diarrhea (50% with blood) during 
hospitalization. 
Although food - primarily pork and pork products - are the main vehicles for Y. 
enterocolitica infection, pathogenic isolates are seldom recovered.  The lack of recovery 
may be due to the method used to isolate and identify Yersinia (Fredriksson-Ahomaa et 
al., 2003, 2006; Fosse et al., 2008). The culture method is commonly used to test foods 
but it is not a reliable method because the test is sensitive, and the virulence markers are 
very often lost during processing.  Isolation rates of pathogenic bioserotypes of Y. 
enterocolitica (most commonly bioserotype 4/O:3) that are determined through use of 
culture methods tend to be low in raw pork, and are mostly isolated in edible pig offal.  
Use of PCR has a much higher rate of determining the prevalence of pathogenicity of Y. 
enterocolitica than culture methods, and PCR results are more reliable (Fredriksson-
Ahomaa et al., 2003, 2004, 2006, 2010).  For example, in Finland the PCR method was 
used to determine the prevalence of yadA-positive Y. enterocolitica in foods with the 
highest detection rate found in pig offal, including pig tongues (83%), hearts (71%) and 
kidneys (67%).  Detection rate also was higher in minced meat when PCR was used 
rather than culture methods (Fredriksson-Ahomaa et al., 2003).  
Through literature study Fosse et al. (2008) conducted a risk assessment, ranking 
biological hazards associated with the consumption of meat in the European Union - 
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specifically pork, the meat most consumed in Europe. Their study indicated that 35 
biological hazards have the potential to be transmitted to humans through the 
consumption of pork. Yersinia enterocolitica and Clostridium perfringens were the two 
main biological hazards identified on pig carcasses. Salmonella enterica, Y. 
enterocolitica and Campylobacter species were the three hazards most frequently 
reported in human clinical cases related to pork consumption with mean rates of 3.374, 
2.826, and 2.170 cases per 100,000 inhabitants, respectively, per year.    
New and better means of hazard control are needed in the production of pork.  
During preparation and processing of pork products and pork based foods, potential 
sources of contamination include conveyor belts, aprons, gloves, tables, mincing bowls 
and utensils, or any other item that may come in contact with food. Also Y. enterocolitica 
can be spread onto clean food contact surfaces by splashing during clean up. Because 
Yersinia can adhere and survive in the biofilms on steel and other surfaces, all items that 
may potentially come in contact with Y. enterocolitica must be thoroughly washed, rinsed 
and sanitized. Production methods such as use of two knives for slaughter, use of a 
plastic bag to seal off the rectum after it has been freed from the carcass, and removal of 
head meat in a separate room, may aide in the reduction of the spread of Y. enterocolitica 
during butchering and the slaughter process (Lund et al., 2000; Fredkrison-Ahhomma et 
al., 2004, 2006).   
Yersinia enterocolitica grows very well in cold temperatures, and can survive 
from -20C/-40F to 450C/1130F in water and under refrigeration, and can also survive the 
freezing and thawing process. Therefore all foods must be suspect after extended periods 
of refrigeration, especially when to cross-contamination is possible (Hui et al., 2001; 
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Zheng et al., 2008).  Foods incriminated for yersiniosis are generally cycled through 
refrigeration. Therefore the bacteria have to first adapt in to the human host temperature 
(370C/98.60F) prior to initiating infection (Ray et al., 2008). The effective disease dose is 
unknown, but is generally considered to be high, exceeding 104 colony-forming units 
(Hui et al., 2001; Montville et al., 2005; Ray et al., 2008).   
Additional support for the cold temperature associated with of Y. enterocolitica 
growth and cross-contamination conditions has been found in numerous other studies. 
For example, in a research project by Tsai et al. (1991) Y. enterocolitica was isolated and 
characterized according to biotype and serotype from pork and pork related products 
from northern Taiwan, and was detected more frequently in refrigerated pork and 
sausages containing pork.  Results of the study indicated that 28.6% of all pork and pork 
products were contaminated with pathogenic Y. enterocolitica, particularly ravioli 
containing ground pork (50%) and whole meat pork (43.0%).  Serotypes O:3, O:5, and 
O:8 were found in the samples with O:5 at the highest rate. Hayashidani et al. (2008) also 
confirmed the survival of pathogenic Y. enterocolitica in vacuum packed or aerobic 
packaged pork, and suggested the best way to eliminate risk was to avoid contamination 
in during slaughtering or meat processing and packaging processes. 
 Contaminated pork or pork products account for the largest proportion of 
yersiniosis infections worldwide. European countries are believed to have the highest 
incidence rates of yersiniosis because pork is the primary meat consumed (Wesely, 
2008).  However, Yersinia enterocolitica has also been isolated also from a variety of 
other foods including beef, lamb, poultry, vegetables, and dairy products such as milk, 
cream and ice cream (Lee et al., 2004; Montville et al., 2005; Ray et al., 2008). A survey 
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of various foods in Denmark showed Y. enterocolitica to be present in 40-80% of pork 
products, 43% of raw vegetables, 22% of seafood, 8-20% of soy products, 9% of salads, 
and 1-17% of dairy products.  Hui et al., (2001) found that although 71% of these isolates 
were YE, only one strain (from pork tongues) was found to be pathogenic. When Y. 
enterocolitica is isolated from foods other than pig products it is thought most likely due 
to cross-contamination and/or post pasteurization contamination (Lund et al., 2000; Hui 
et al., 2001; Ray et al., 2008). 
Cross-contamination is provided as an explanation for presence of Y. 
enterocolitica in food and non-food sources in Nigeria (Okwori et al., 2009). In this study 
enteropathogenic Y. enterocolitica 2/O:9 was present in all food sampled, including pork, 
milk, and fermented milk products. Presence of YE was most likely due to post-process 
contamination and survival during the fermentation process.  The strains were 
indistinguishable from strains found in humans and human feces - indicating that food is 
an important vehicle for the transmission of YE to humans. 
To date there is no direct evidence showing how Y. enterocolitica could be 
transmitted directly to humans via dogs, cats, or any other animal (Fredriksson-Ahomaa 
et al., 2006; Wang et al., 2010).  Humans have only been known to be directly infected 
with Y. enterocolitica by working with raw pig products through farming, butchering 
activities, and/or cooking due to poor hygiene, cross-contamination and improper 
cooking (Kapperud, 1991; Bottone, 1999; Fredriksson-Ahomaa et al., 2003, 2004, 2006; 
Wang et al., 2010). However, animals other than pigs often have been suspected as a 
source of human YE infection including cattle, goats, dogs, and mice (Bottone, 1999; 
Lund et al., 2000; Wang et. al., 2010).  Animals and pets may become infected due to 
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environmental contact in areas where pigs are raised because Y. enterocolitica is excreted 
in fecal matter and is able to survive in both soil and water. Rodents in Japan are found to 
carry O:8 and are suspected to be a source of human infection (Hui et al., 2001). This 
particular strain in addition to both non-pathogenic strains and pathogenic strains (O:3 
and O:9), also have been found in dogs and cats. Dogs and cats may potentially acquire 
YE and become asymptomatic carriers from being feed raw pork as food scraps or 
through contact with the farm environment where pigs are raised (Lund et al., 2000; 
Simjee, 2007; Wang et al., 2010).  
 Also, farm animals and pets may become infected due to environmental 
contact such as on farms where pigs are raised because Y. enterocolitica is excreted in 
fecal matter and is able to survive in soil and water. The presence of pathogenic strains of 
Y. enterocolitica in dogs and cats has lead some researchers to hypothesize that the 
animals spread Y. enterocolitica to humans and especially children, due to close 
relationships and contact  (Bottone, 1999; Fredriksson-Ahomaa et al., 2006; Wang et al., 
2010). Boqvist et al. (2009) used a postal questionnaire to identify risk factors for 
sporadic yersiniosis due to Y. enterocolitica infection in children six years old or 
younger. The study indicated pork products and treated sausages containing pork are 
primary risk factors for Y. enterocolitica infection. However, contact with domestic 
animals also was identified for children 2-6 years of age. Baby’s dummies (dolls)  were 
also suspected as a risk factor for the spread of Y. enterocolitica in children aged 0-1 
years, because dolls were dropped on ground that may have contained strains of Y. 
enterocolitica. In one case, the source of inter-familial outbreak of Y. enterocolitica O:8 
was suggested to be a female dog and its litter of sick puppies (Simjee, 2007). The 
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sequential onset of disease indicated that once introduced into the household Y. 
enterocolitica was spread via person-to-person contact. Okwori et al. (2007) was 
conducted to determine the prevalence of Y. enterocolitica in 150 children and adults 
with diarrhea in Nigeria, with 15 of 150 stool samples screened for enteric bacteria, 15% 
were positive for Y. enterocolitica biotypes 2, 4 and serotype O:9.  Of all of the bacteria 
isolated Yersinia enterocolitica infection was highest in individuals 1 to 10 years of age 
(7.5%) followed by 21 to 30 years of age (5%). Consumption of pork and dog meat 
(acting as reservoirs for YE) was identified as major causes of infection due to improper 
processing and cooking, although most of the children screened were also identified with 
maintained poor culinary practices and a low level of personal and environmental 
hygiene.  Also, the consumption of pork and dog meat (acting as reservoirs for Y. 
enterocolitica) was also identified in this study as major causes of infection due to 
improper processing and cooking.  However, there is no direct evidence showing how Y. 
enterocolitica is transmitted directly to humans via dogs, cats, or any other animal 
(Fredriksson-Ahomaa et al., 2006; Wang et al., 2010). To date humans have only been 
known to be directly infected with Y. enterocolitica by working with raw pig products 
through farming, butchering activities, and/or cooking due to poor hygiene, cross-
contamination and improper cooking (Kapperud, 1991; Bottone, 1999; Fredriksson-
Ahomaa et al., 2003, 2004, 2006; Wang et. al., 2010). 
 
Foodborne Illness Outbreaks Contributed to Yersinia enterocolitica 
The evidence presented in the previous section demonstrates that occupational 
activities requiring individuals to work with and handle pigs and pig products pose risk 
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factors for the spread of Y. enterocolitica. Also, the information reviewed indicates that 
after exposure to Y. enterocolitica a person can exhibit antibodies to present or past Y. 
enterocolitica infection, thus supporting the first hypothesis presented (H1).  
 Data suggest that an estimated 96,000 cases of human disease due to Y. 
enterocolitica occur annually in the United States - 90% of which are foodborne (Ray et 
al., 2008). Foodborne yersiniosis was first confirmed in the United States in 1976 in a 
large number of school children in New York State after consuming chocolate milk 
contaminated with serotype O:8. (Montville et al., 2005, Simjee, 2007; Ray et al., 2008). 
This case was the largest outbreak of YE in America related to milk.  Microbial surveys 
have shown that Yersinia species are present in raw milk from cows and goats, which are 
usually destroyed during the pasteurization process (Hui et al., 2001; Ray et al., 2008).  
Outbreaks of Y. enterocolitica due to milk products are likely due to a break down in the 
pasteurization process and post-pasteurization sanitation issues. The 1976 incidence may 
have been due to containers of out-of-date milk that had not been adequately cleaned and 
sanitized prior to reuse at a hog farm (Hui et al., 2001; Montville et al., 2005; Ray et al., 
2008).  After the 1976 outbreak in the United States Y. enterocolitica was designated an 
emerging foodborne pathogen (Ray et al., 2008).  
Several other outbreaks have been recorded in the United States since that time. In 
1980, 87 people in Washington State were infected with Y. enterocolitica O:8, from un-
chlorinated spring water used to package tofu.  An outbreak at a diet camp occurred in 
New York State in 1981 with Y. enterocolitica O:8 affecting 35% of the 455 individuals 
with powdered milk and/or chow mien as the suspected source of infection - probably 
due to food handler contamination during preparation.  In Atlanta in 1989, 14 infants 
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residing in the same household became ill with Y. enterocolitica O:3 and the source was 
traced to a caretaker preparing pork chitterlings (Hui et al., 2001 Monteville et al., 2005).  
Interestingly, this particular outbreak was unusual, because Y. enterocolitica O:8 was 
previously the dominant serogroup in the United States (Bottone, 1997).  An outbreak of 
Y. enterocolitica O:8 occurred in October of 1995 in the Upper Valley of Vermont and 
New Hampshire that was linked to pasteurized bottled milk from a local dairy.  Ten 
patients (half of which were male ranging from 6 months to 44 years of age) were 
diagnosed with O:8.  In this instance, the infection most likely occurred post 
pasteurization, possibly contaminated by proximity to dairy pigs.  Untreated well water 
was used to rinse bottles and/or crates stored in an area near dairy pigs and possibly 
handled by a worker that cared for the pigs (Ackers et al., 2000). 
Although somewhat rare, foodborne outbreaks (two or more individuals infected) 
due to Y. enterocolitica have occurred worldwide, most commonly in Europe and Japan, 
with many different food sources implicated (Simjee, 2007).  Outbreaks have implicated 
milk or milk products as a vehicle for transmission. Two such outbreaks of Y. 
enterocolitica occurred in Canada in the mid 1970s with 138 school children becoming 
ill; the source of infection was traced back to the consumption of raw milk but the 
pathogen was not recovered from the suspected source (Hui et al., 2001; Montville 2005).  
Also five outbreaks of Y. enterocolitica O:3 occurred in Japan with 1100 school children 
becoming ill with an unidentified food as the suspected cause (Hui et al., 2001).  Between 
February to April of 2011, 21 confirmed cases of Y. enterocolitica O:9 were reported in 
Norway and believed to be related to salad products containing radicchio rosso.  Results 
using PCR showed that 11 products contained species of Yersinia, however presence of 
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O:9 was not found. The salad mix was voluntarily withdrawn from the supplier and no 
new cases were reported (MacDonald et al., 2011).  The absence of O:9 isolated from the 
salad may be due to challenges in cultivating YE from foods (Fredriksson-Ahomaa et al., 
2003).  
Annually, the majority of cases of enteritis recorded over the past ten years (after 
camplobacteriosis and salmonellosis) were due to Y. enterocolitica O:9.  Eighty to 150 
cases of yersiniosis were registered; one to 10 of the cases were caused by serotype O:9. 
Yersiniosis is a reportable foodborne illness in Norway, and is the third most commonly 
reported cause of acute enteritis.  Grahek-Ogden et al. (2007) indicated that “julestyle” 
processed pork product Christmas brawn was responsible for an outbreak of Y. 
enterocolitica O:9 in Norway.  Christmas brawn is a traditional ready-to-eat product 
prepared by of layering meats including pork (head muscles), veal, lard and spices in a 
mold that is then cooked.  Yersinal infection may be due to survival and growth of the 
organism after cooking or cross-contamination due to lack of hygiene when removing the 
product from the mold.  Univariate analysis revealed that eating Christmas brawn was 
associated with an outbreak of Y. enterocolitica O:9 infection.   In addition, the study 
showed that patients were also more likely than controls to have eaten pork chops. 
Conditional logistic regression analysis indicated that consumption of Christmas brawn 
and pork chops were independently related to an increased risk of infection and public 
health authorities issued a public warning in 2006 advising against the consumption of 
Christmas brawn.   
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Yersinia Enterocolitica Infection 
Similar to many foodborne illnesses, once acquired, yersinial infection typically 
manifests itself as a nonspecific, self-limiting diarrheal infection accompanied by 
abdominal pain, headache, nausea, vomiting and fever (Montville et al., 2005; Ray et al., 
2008).  Most symptomatic Y. enterocolitica infections occur in children, especially those 
younger than 5 years of age with symptoms of diarrhea, accompanied by low fever and 
abdominal pain.  The diarrhea varies from watery to mucoid, with a small proportion of 
children (approximately 10%) with bloody stools.  The illness may last a few days to 3 
weeks and some patients develop chronic enterocoliitis, with diarrhea persisting for 
several months (Monteville et al., 2005; Doyle at al., 2007).  Sore throat is also frequent, 
and may dominate the clinical picture in older patients, and Y. enterocolitica is known to 
have a fatality rate of 30-60% (Monteville et al. 2005; Doyle et al., 2007). 
Pathologic findings in the gastrointestinal tract center largely about the serogroup 
of the invading strain of Y. enterocolitica, with serogroup O:8 producing the more 
catastrophic events, including extensive ulceration of the gastrointestinal tract and 
ultimately death, whereas serogroups O:3 and O:9 are less destructive (Bottone, 1997). In 
children older than 5 and in adolescents, acute yersiniosis in 3-15% of cases causes pain 
localized in the right lower quadrant of the abdomen.  Pain is due to an acute 
inflammation of the terminal ileum or mesenteric lymph nodes and is often mistaken for 
appendicitis, leading to the unnecessary removal of normal or slightly inflamed 
appendixes (Doyle et al., 2007).  This characteristic of Y. enterocolitica infection is 
referred to as pseudoappendicular syndrome, and is known to occur with the more 
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virulent strains of Y. enterocolitica, notably strains of biotype 1B (Bottone, 1981; 
Monteville et al., 2005; Doyle, 2007).  
Even though Y. enterocolitica is seldom found outside of the intestines there is no 
tissue in which it cannot grow.  Individuals with liver disease, decreased immune 
function, diabetes, kidney disease, malnutrition, and chronic iron over-load states (iron is 
necessary for the bacteria to multiply), are more susceptible to infection (Lund et al., 
2000; Hui et al., 2001; Monteville et al. 2005; Doyle et al., 2007).  Spread of the 
organism in the body can lead to various diseases, including abscesses, catheter 
associated infections, heart disease, erythema nodosum, septicemia, and meningitis. In 
more protracted cases of yersiniosis gastrointestinal tract involvement such as fatal 
necrotizing enterocolitis may occur, as well as a “pseudo- tumorigenic” form of 
suppurative mesenteric adenitis - even in infants (Bottone, 2007).   
Bacteremia may also result from the direct inoculation with Y. enterocolitica 
during blood transfusions, and is one of the most important causes of fatal bacteremia 
following transfusion packed with red blood cells or platelets (Bottone, 1997; Doyle, 
2007).  Among the bacterial species, Y. enterocolitica has emerged as a significant cause 
of transfusion-associated bacteremia and mortality (64%).  Yersinia enterocolitica may 
persist in human tissues and cells from which they may enter donated blood long after 
primary intestinal involvement (Bottone, 1997).  Patients infused with contaminated 
blood may develop symptoms of a severe transfusion reaction minutes to hours after 
exposure, depending on the number of bacteria and the amount of enterotoxin 
administered with the blood.  Also the number of bacteria in donated blood can increase 
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during refrigerated storage without altering the appearance of the blood (Doyle et al., 
2007).  
 
Reactive Arthritis and Yersinia enterocolitica  
Yersinia enterocolitica infection typically manifests itself as a non-specific, self -
limiting diarrhea.  However, once the bout with infection is over some individuals 
experience long term complications and a variety of autoimmune diseases including, 
arthritis and uveitis which are associated with HLA-B27, erythema nodosum, thyroiditis 
and on occasion myocarditis  (Montville et al., 2005; Doyle et al., 2007).  Following 
acute infection with pYV bearing Y. enterocolitica including O:3, O:5 O:9, and O:8, a 
proportion of patients commonly develop autoimmune “reactive” arthritis (Petersal et al., 
2005; Zheng et al., 2008).  In Scandinavia 10% to 30% of Y. enterocolitica cases are 
associated with reactive arthritis (van der Heijden et al., 1997; Petersal et al., 2005). 
Reactive arthritis typically follows the onset of diarrhea or pseudoappendicular syndrome 
by 1 to 2 weeks within a range of 1-38 days.  Both men and women are equally affected, 
most often between range of 15-35 years of age with few incidences occurring in 
children, and mainly in individuals who are HLA-B27 positive (Resnick et al., 1981; 
Ansell, 1994; Taccetti et al., 1994; Montville et al., 2005).  
Reactive arthritis was first presented as Reiter’s Syndrome in 1916 by Hans 
Reiter, a Nazi criminal, to describe a triad of skin, eye, and boney pathology associated 
with bloody diarrhea in a soldier possibly due to a spirochete isolated from the blood 
(Hughes et al., 1992; Gaston et al., 2003; Panush et al., 2003; Petersal et al., 2005).  The 
classic symptoms of Reiter’s Syndrome included arthritis, urethritis and conjunctivitis 
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(Koopman, 2001).  Also, on rare occasion other systemic features including iritis, mouth 
ulcers, keratoderma blennorrhagica, neurological and cardiac features are displayed in 
Reiter’s Syndrome (Kingsley et al., 1996).  Prior to Reiter’s description, Van Forest 
(1507) described knee swelling, arthritis and urethral infection, Brodie (1818) reported 
five patients with urethritis and associated polyarthritis, and Piessenger and Leroy (1916), 
described a similar post-dysentery “oculo-urethro-synovial” syndrome.  Arthritis is well 
described in the literature during the nineteenth century, especially war times (Petersal et 
al., 2005).  The prevalence of arthritis and Reiter’s Syndrome during wartime may have 
resulted from poor sanitation and environmental health conditions.   
The term reactive arthritis (ReA) is now used to describe a variety of conditions 
with inflammatory arthritis as the dominant manifestation, and in which the typical extra-
articular manifestations of Reiter’s Syndrome may or may not be present (Toivanen et al., 
1990; Koopman, 2001; Petersal et al., 2005).  Defined as aseptic (sterile) synovitis - joint 
inflammation triggered shortly after or during an infection located elsewhere in the body 
(Toivanen et al., 2000, 2004; Doyle et al., 2007).  Reactive arthritis may be an 
explanation for many of the cases of undifferentiated arthritis observed in past and 
present populations. The frequency of undifferentiated arthritis reported in early arthritis 
clinics is 20-55% and noted to become chronic at 15-25% (van der Heijden et al., 1997; 
Gatson et al., 2003).  Reactive arthritis occurs in approximately 2% to 4% of individuals 
with urogenital infection such as Chlamydia trachomatis, and in 10% to 15% of 
individuals precipitating after a bout with gastrointestinal infections such as shigella, 
salmonella, and campylobacter (Keat, 1983; Toivanen et al., 1990; Seiper et al., 1992; 
Sieper, 2001; Gatson et al., 2003; Petersal et al., 2005).  Because the preceding enteric or 
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genitourinary infection may be mild, or asymptomatic and likely resolved prior to the 
onset of arthritis, ReA should be part of the differential diagnosis for undifferentiated 
oligoarthritis or monoarthritis, and to rule out septic arthritis (Petersal et al., 2005). 
Reactive arthritis has also been observed in primates and has been 
macroscopically studied by Rothschild and colleagues (1995) in Pan paniscus and P. 
troglodytes troglodytes and P. troglodytes schweinfurthii to determine its frequency in 
relation to other forms of arthritis.  Occurrence of ReA in primates was also studied to 
determine if sexual behavior and the transmission of disease causing agents such as 
Chlamydia can trigger arthritis or if it is related to infectious agents such as shigella or 
Yersinia which are both environmental and foodborne factors known to trigger ReA.  The 
results of the study indicate that the incidence of ReA is related to habitat and infectious 
organisms as found in humans, not sexual behavior.  
Yersinia enterocolitica -triggered ReA is caused by a host immune response to 
Yersinia antigens.  It is classified as a type of seronegative spondyloarthropathy (SNSA), 
which consists of ankylosing spondylitis (AS), reactive arthritis (ReA), Reiter’s 
Syndrome, and possibly psoriatic arthritis and arthritis associated with chronic bowl 
diseases.  Typical clinical presentation of Y. enterocolitica -triggered arthritis is 
rheumatoid factor negative sera (“seronegative”), axial joint arthritis (sacroiliitis, 
spondylitis), enthesitis and peripheral mono or oligoarthritis -ReA (Wadsworth, 2000; 
Kobayashi et al., 2005). 
In reactive arthritis any of the joints can be involved although the lower 
extremities - knees, ankles, toes, and tarsal joints are the most commonly affected, with 
less than five lower limb peripheral joints asymmetrically involved.  Although less 
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common, fingers, wrists, and elbows may also be affected (Granfors et al., 1988; 
Kingsley 1993; Toivean et al., 2004; Kobayashi et al., 2005; Petersal et al., 2005).  
Musculoskeletal symptoms associated with ReA are generally acute at onset and 
associated with fatigue, malaise, fever, and weight loss.  Dactylitis  (“sausage digit”) a 
diffuse swelling of a single finger or toe is a distinctive feature of ReA and also psoriatic 
arthritis (Kobayashi et al., 2005).  Also, back pain and stiffness frequently occur. The 
severity of the arthritis varies from mild and transient swelling or discomfort, to serious 
and severely debilitating arthritis with permanent radiographic abnormalities (Resnick et 
al., 1981; Hui et al., Toivanen et al., 2004).  Commonly associated with spondylitis, 
sacroiliitis, and enthesitis (inflammation of tendinous and ligamentous insertions) 
(Petersal et al., 2005).  ReA can lead to the full picture of ankylosing spondylitis (AS) 
with all of the typical radiological signs, although sacroiliitis, alone is more common 
(Toivanen et al., 1988). 
Radiographic abnormalities are observed in up to 70% of patients with established 
ReA, and may be characterized by asymmetric involvement of the lower extremity, 
diarthrosis, amphiarthrosis, symphysis, and entheses (ill defined bony erosions with 
adjacent boney proliferation) and tendency to produce heterotrophic bone exemplified by 
paravertebral ossification.  Inflammatory arthropathy is suggested by the soft tissue 
findings (dactylitis), joint space narrowing, and erosions in the small joints of the feet, 
hands, and sacroiliac joints.  The formation of reactive new bone is characteristic of the 
spondyloarthropathies.  Boney proliferation usually develops in one of several sites 
including: a) the periosteum, with a linear or fluffy appearance adjacent to cortical 
margins, especially along the shafts of the metacarpals, metatarsals, phalanges, distal 
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femur and malleolar regions, b) the entheses –calcaneal, sacral, ischial, and trochanteric 
attachments, often with poorly defined osseous appearance, and c) sites of intra-articular 
erosions, which tend to have irregular poorly defined appearance.  Ankylosing of the 
axial skeleton is common but is rarely observed in the peripheral articulations (Resnick et 
al., 1981; Koopman, 2001).  
Up until recently reactive arthritis has been generally described as a sterile, 
aseptic joint infection (Toivanen et al., 1988; Doyle et al., 2007).  However, it is now 
being discovered that synovial fluid from affected joints is culture negative, but generally 
contains bacterial antigens such as Yersinia liposycarides and heat shock proteins within 
the inflammatory cells (Hui et al., 2001, Toivanen 2000, 2004; Doyle et al., 2007).  
Yersinia liposycarides and heat-shock proteins are also detected in peripheral blood 
mononuclear cells and polymorphonuclear phagocytes from patients after Y. 
enterocolitica infections whether or not arthritis developed (Toivanen et al., 2000). 
Individuals with ReA typically have elevated and persistent Immunoglobulin IgA and 
IgG class antibodies to Yersinia for months in the serum and antigens are detectable for 
years in peripheral blood. (Granfors et al., 1983; Herrlinger et al., 1992; Franzin et al., 
1993; Tamburrino et al., 1993; Sieper, 2001; Constantiniu et al., 2003; Toivanen et al., 
2004; Misra, 2008).  This finding suggests that Yersinia live outside of the joint for a long 
time (possibly in the lymph nodes or mucosa), the bacteria antigen is transported to the 
joint, and that Yersinia are alive in it only for a short time (Sieper, 2001) 
Demonstration of microbial components, including DNA and RNA, in the 
inflamed synovium and circulating blood cells in patients with ReA suggests a direct role 
for the microbes.  Microbes, persisting locally at the site of primary infection or in the 
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inflamed synovium, maintain a long-lasting immune response.  It is becoming more 
apparent that specific cellular responses are primarily due to an expansion of antigen 
specific T cells within the joint.  Thus, local chronically stimulated cells can maintain the 
inflammatory process for long periods (Toivanen et al., 2000).  Antibiotic treatment of 
the causative agent for ReA may aide in elimination of Yersinia, however once the 
immune response has begun it cannot be turned off (Toivanen et al., 2004).  The 
persistence of dead microbes may serve as a trigger for a continued host response 
resulting in chronic synovitis and ReA (Misra, 2008).  Yersinia enterocolitica antigens 
have been shown to be present several years after the original infection in the intestinal 
mucosa from patients with Yersinia-triggered ReA. Yersinia DNA has also been detected 
through PCR using the cells of the synovial compartment (Grirschick, 2008; Misra, 
2008).  Because radiographic information may not reveal the true incidence of ReA due 
to the stage of disease and severity, microbiological and serological investigations are 
very important tools for diagnosis (Toivanen et al., 2004; Petersal et al., 2005).  
Radiographic findings for ReA “Reiter’s Syndrome” include soft tissue swelling, 
juxta-articular osteoporosis, periosteal reactions and proliferation at tendon insertion 
sites.  On occasion plantar spurs may be observed, especially in more chronic cases 
(Toivanen et al., 2004).  Comma-shaped ossifications may be observed in the lower 
thoracic and upper lumbar regions of the spine.  Sacroiliitis and ankylosing spondylitis 
(AS) may develop over time in individuals who are chronically affected (Toivanen et al., 
1988, 2004).  Radiographically the hallmark of ReA is asymmetric sacroiliitis, found in 
up to 70% of patients (Koopman, 2001; Toivanen et al., 2004; Petersal et al., 2005).  The 
incidence of sacroiliac involvement increases with chronicity and duration of the disease; 
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40% to 60% of individuals with chronic arthritis have evidence of sacaroiliitis.  Bilateral 
sacroiliac involvement is common, but asymmetric or unilateral sacroiliitis is most 
common, especially early in the disease (Koopman, 2001).  
 
Reactive Arthritis and HLA-B27  
The second hypothesis (H2) predicts that individuals exposed to Y. enterocolitica 
that are HLA-B27 positive will show more ReA than those that are HLA-B27 negative. 
This is a topic that to date has not been studied in the United States or in bioarcheological 
populations.  Post-infective ReA caused by Y. enterocolitica most frequently occurs in 
patients (50% to 80%) that are positive for the major histocompatibility (MCH) class I 
antigen - HLA-B27 (Bottone, 1981; Kingsley et al., 1996; Sieper, 2001; Montville et al., 
2005; Petersal et. al., 2005; Doyle et al., 2007).  Presence of bacterial antigens may 
reflect an impaired ability of HLA-B27 bearing phagocytes to eliminate them. Bacterial 
lipopolysaccharides (LPS) in synovial fluid may stimulate the local production of tumor 
necrosis factor alpha, which plays a key role in the pathogenesis of ReA (Toivanen et al., 
2000, 2004). 
Although the strongest predisposing factor for ReA due to YE is the HLA-B27 
antigen, not every individual who is HLA-B27 positive and infected with YE develops 
and suffers from ReA.  It should be noted that there are some severe cases of ReA 
observed in patients who are HLA-B27 negative (Koopman, 2001; Toivanen et al., 2000, 
2004). However, in general, HLA-B27 positive individuals have more severe, chronic 
axial arthritic symptoms with a more prolonged course than individuals with different 
HLA antigens (Kingsley et al., 1996; Doyle et al., 2007).  
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Reactive arthritis has been classified into two forms, an HLA-B27 associated 
form and an HLA-B27 non associated form based on the fact that ReA triggered by 
bacteria from the genera Campylobacter, Chlamydia, Salmonella, Shigella, and Yersinia 
occur predominantly in B27-positive individuals (Toivanen et al., 2004). On the other 
hand, infections due to a variety of other microbes are also followed by ReA. These 
infections and arthritides are mostly sporadic in occurrence.  These two categories are 
distinguished by other characteristics, most importantly HLA-B27 associated ReA, which 
may appear identical to Reiter’s Syndrome with accompanying urethritis and 
conjunctivitis. The HLA-B27 non-associated form has not been clearly described yet. 
Only the HLA-B27 associated ReA belongs to the group of spondyloarthropathies and 
can evolve into ankylosing spondylitis. 
The worldwide prevalence of ReA is 1 per 1000, with higher risk tied to specific 
genetic backgrounds (HLA-B27+ individuals) and bacterial exposure, with the 
prevalence of 30-40 ReA cases per 100,000 in young adults ages 20-40 (Toivanen et al., 
2004; Misra, 2008).  Although ReA is considered rare in young children, a study in 
Scandinavia of children with YE infection found that arthritis occurred in less than 5% of 
infected children.  But of the 13 children who developed arthritis secondary to yersinial 
infection, 85% were HLA-B27 positive (Ansell, 1994).  In addition, the prevalence of 
spondyloarthropathy among European whites was found to be 1.9 per 1000, making it the 
most common inflammatory rheumatic disease to affect the white population in Europe 
(Petersal et al., 2005). Although the strongest predisposing factor for ReA due to Y. 
enterocolitica is the HLA-B27 antigen, not all individuals positive for HLA-B27 infected 
with Y. enterocolitica develop and suffer from ReA.  Severe cases of ReA have been 
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observed also in patients that are HLA-B27 negative (Koopman, 2001; Toivanen et al., 
2000, 2004).  
 In the general population 5 to 14 per 100,000 cases occur of gastrointestinal 
infection-related ReA, and 4.6 to 13 per 100,000 for genitourinary ReA.  Frequency of 
ReA cases correlates with the rate of primary infections by specific bacteria within a 
population (Petersal, 2005).  For example, the short-term and long-term effects of 
bacterial gastrointestinal infections were studied in Sweden by Ternhag et al. (2008). This 
study revealed that of 101,855 Swedish individuals with gastroenteritis, 5,133 (5%) of the 
infections were due to Yersinia, the third highest percentage after salmonella [34,664 
(34%)] and campylobacter, which were responsible for most cases - 57,425 individuals 
(56%).  One year after acute infection, the post-infection risk for ReA was greatest in 
patients that suffered yersiniosis with a standardized incidence ratio of 47 verses 18.2 in 
Salmonella patients, 13.4 in patients with Shigella, and 6.3 in campylobacter patients.  
Rheumatoid arthritis was most prevalent in individuals with enterohemorrhagic E. coli 
with a standardized incidence ratio of 5.8, Yersinia (2.0), Campylobacter (1.0), Shigella 
(0.8), Salmonella (0.6).  
Reactive arthritis associated with Y. enterocolitica infection is common in North 
America, Britain and in Northern Europe. In Scandinavia 10% to 30% of Y. 
enterocolitica cases are associated with ReA (van der Heijden et al., 1997).  High 
frequencies of ReA have been associated with Salmonella enteritidis outbreaks in the 
United States (Petersal et al., 2005).  However, the incidence rates of ReA associated 
with Y. enterocolitica have not yet been comprehensively studied in the United States. 
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Many studies of the incidence of Y. enterocolitica and ReA have taken place in 
countries other than the United States.  For example, Wakefield et al. (1989) 
retrospectively studied the incidence of Y. enterocolitica infection in 22 patients with 
seronegative arthritis (ReA and AS) in Australia.  The results of the study indicated that 
the six patients (29%) with seronegative arthritis were all HLA-B27 positive. Four of the 
patients (two with ReA and two with AS) had yersinial infection with raised IgM levels 
and a history of acute diarrheal illness prior to the onset of arthritis.  All four of the 
patients had raised antibodies to biotype O:3, two had antibodies to O:9, and one to 
biotype O:8, similar to the distribution pattern found in Scandinavian countries where 
O:3 and O:9 are predominant. 
Similarly, a study was conducted by Lloyd et al. (1990) to determine the etiology 
of “tropical arthritis” that occurred in 23 young adults in Papa New Guinea. The study 
revealed that the clinical features in cases of undifferentiated “tropical arthritis” are 
suggestive of ReA with 61% of the patients HLA-B27 positive.  While specific infectious 
agents were not identified in the study and Yersinia was not looked at as a causative 
agent, 30% (7 patients) exhibited strong evidence for a diagnosis of ReA due to evidence 
of a preceding infection.  
Prognosis is generally considered good for most cases of ReA.  In some patients 
the symptoms of ReA subside with in a few days, and many patients recover completely 
within a year.  Even patients that are severely incapacitated can look forward to a full 
recovery.  However, recurrences of ReA frequently occur.  Follow-up studies indicate 
that 20-70% of patients with ReA later suffer some joint discomfort or other symptoms. 
The reoccurrence of ReA can be triggered by new infections or various stress factors. 
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Early progress of ReA into chronic arthritis or AS occurred during a follow-up period of 
20 years.  Recurrences and AS are more common in individuals that are HLA-B27 
positive (Toivanen et al., 2004).  Up to 70-90% of patients with ReA are HLA-B27 
positive and individuals that are HLA-B27 positive have more severe arthritis with poorer 
prognosis (Toivanen et al., 2004). 
 
HLA-B27 
The next section will discuss HLA-B27, theories on what makes it trigger ReA, 
and the frequencies of its subtypes and their relationship to reactive arthritis and other 
spondyloarthropathies (such as ankylosing spondylitis) in populations throughout the 
world.  The information provided can be used to aid in the comparative studies of 
bioarcheological populations from the United States.  As shown in the previous section, 
the strongest predisposing factor for reactive arthritis due to Y. enterocolitica is the HLA-
B27 antigen.  Up to 70-90% of patients with ReA are HLA-B27 positive and individuals 
that are HLA-B27 positive have more sever arthritis with poorer prognosis (Toivanen et 
al., 2004).  However, not all individuals positive for HLA-B27 infected with Y. 
enterocolitica develop and suffer from ReA.  Severe cases of ReA have also been 
observed in patients that are HLA-B27 negative (Koopman, 2001; Toivanen et al., 2000, 
2004).  
Based on findings observed in ReA patients the triggering bacteria or parts of 
them may persist for an abnormally long time somewhere in the body of ReA patients. 
Because the majority of patients suffering from Y. enterocolitica is a major foodborne 
pathogen found worldwide that causes approximately 87,000 human cases and 
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approximately 1,100 hospitalizations per year in the United States.  Yersinia 
enterocolitica is a very unique pathogen with the domesticated pig acting as the main 
animal reservoir for pathogenic bio/serotypes, and as the primary source of human 
infection.  Similar to other gastrointestinal infections, Yersinia enterocolitica is known to 
trigger autoimmune responses in humans.  The most frequent complication associated 
with Y. enterocolitica is reactive arthritis - an aseptic, asymmetrical inflammation in the 
peripheral and axial joints, most frequently occurring as an autoimmune response in 
patients with the HLA-B27 histocompatability antigen.  As a foodborne illness it may 
prove to be a reasonable explanation for some of the cases of arthritis observed in past 
populations that are considered to be of unknown etiology.  
The role of HLA-B27 in the pathogenesis of reactive arthritis in relation to 
bacterial triggers has been extensively studied. Several different mechanisms for 
pathogenesis proposed include: molecular mimicry, impaired immune responsiveness, 
antigen persistence, enhanced inflammatory response and infection-induced presentation 
of normally cryptic epitopes (cellular antigens) (Inman et al., 1986; Repo et al., 1990; 
Lahesmaa et al., 1992a, b; Lahesmaa et al., 1993; Toivanen et al., 1994; Wuorela et al., 
1997; Ugrinovic et al., 1997; Simonet, 1999; Ebringer et al., 2000, Seiper, 2001; 
Penttinen et al., 2004; Doyle et al., 2007; Girschick et al., 2008; Misra, 2008).  
Ebringer and colleagues first described the idea of molecular mimicry in 1976 
when it was observed that several gram-negative microorganisms, such as Klebsiella 
pneumoniae, carry antigens that cross-react with HLA-B27 (Ebringer et al., 2000).  
According to this theory disease is caused by antigenic components of microorganisms, 
which partially resemble or cross react with HLA molecules. Once antibacterial 
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antibodies have been produced as a result of infection they bind to HLA molecules on 
lymphocytes, fibroblasts and chondrocytes. This activation of the complement system 
leads to inflammation and the clinical symptoms of ReA (Ebringer et al., 2000). 
The molecular mimicry hypothesis in its original form, suggested that a structure 
in the triggering bacterium with homology to HLA-B27 incited an antibody response that 
was then perpetuated by the presence of HLA-B27.  This idea has been updated to 
propose T-cell recognition of a cross-reactive structure (Sieper et al., 1996).  Also, 
pathogenic auto-reactive responses through the presence of “cryptic epitoes” have been 
proposed as an explanation for the pathogenesis of ReA.  According to this theory each 
self-protein has a small number of well-presented dominant epitoes, which are involved 
in negative selection of T-cells.  Thus the minor cryptic determinants do not induce 
tolerance and therefore there exists a large cohort of potentially self reactive T-cells, 
which under certain circumstances may become activated (Ebringer et al., 2000).  
 
Worldwide prevalence of HLA-B-27 
Subtypes of HLA-B27 vary by population and only some of the subtypes are 
known to be linked to ReA and other spondyloarthropathies such as ankylosing 
spondylitis.. This finding may aid in a comparative study of YE- triggered ReA focused 
not only on global studies, but within specific populations as well.  
HLA-B27 consists of serologically determined specificity that encompasses nine 
main allotypes (subtypes) with about 27 subtypes identified to date (HLA-B*2701 to 
HLA-B*2727) (Khan, 1995; Misra, 2008). The most wide-spread subtype of HLA-B27 is 
B*2705 (Khan, 1995; Sieper, 2001). The subtypes associated with spondyloarthropathy 
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include: B*2701,B*2702, B*2703, B*2704, B*2705, B*2707, and B*2708. To date there 
is no apparent association with B*2706 and B*2709 and AS and any related 
spondyloarthropathies (Khan, 1995; Reveille et al., 2001; Sieper, 2001; Misra, 2008). 
These subtypes differ from the disease associated ones either in one (B*2705/ B*2709) or 
two amino acid changes (B*2704/ B*2706) located in the peptide binding site and known 
to affect peptide specificity and T cell recognition (Misra, 2008).   
Khan (1995) presented the prevalence of the subtypes of HLA-B27 in the 
populations of the world.  Accordingly, HLA-B*2705 is present in 90-96% of Euro-
Caucasoid (with and without AS and related spondyloarthropathies), and in indigenous 
populations of Eurasian and North America, circumpolar Arctic and sub-Arctic areas.  In 
addition to being dominant in Euro-Caucasoid, subtype B*2705 is the predominate 
subtype found in North American Indians, Eskimos, Siberian Chukchis, Mexican 
Mestizos, and Koreans.  Subtype B*2701 is rare and is found only in Caucasians, and 
subtype B*2072 (60% in B27 positive individuals) along with B*2705, predominate in 
Ashkenazi and Non-Ashkenazi Jews.  
Subtype B*2704 is the predominate subtype in China and Japan but B*2705 is 
occasionally found in Japanese populations.  In North India, B*2704 and B*2705 are the 
predominant subtypes, with no difference in the prevalence of subtypes with or without 
AS and related spondyloarthropathies.  Predominant subtypes in Thailand are B*2704 
and B*2706.  A study of Thai patients suffering from AS revealed that 91% of AS 
patients are positive for B*2704.  In Thailand, B*2706 is not associated with AS or any 
of the related spondyloarthropathies.  One of the most antigenically distant subtypes from 
B*2705, the subtype B*2706 appears to have evolved from B*2704 (Seiper, 2001).  A 
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rare subtype (B*2707) in Indian and Thai populations however shows an association with 
AS. 
In West Africa B*2705 and B*2703 are the predominate subtypes (55% B*2705 
and 45% B*2703).  Studies in African-Americans showed that all individuals with B27-
positive AS and related spondyloarthropathies had B*2705.  Four of 6 healthy individuals 
also had B*2705, one had B*2703, and one B2706.  The subtype B*2705 predominates 
in African-Americans.  More than 90% of the African slaves brought to North America 
were from West Africa and west-central Africa (Senegal to Angola).  The high 
percentage of B*2705 observed in African-Americans appears due to admixture with 
Caucasians (Khan, 1995).  Subtype B*2703, which is not associated with AS and related 
spondyloarthropathies, is observed outside of Africa on rare occasions in individuals of 
African decent. 
Among rare subtypes include HLA subtype B*2708, a European subtype from the 
Azores archipelago where B*2705, B*2702, B*2703, and B*2707 are also found, 
representing the most diverse B27 population to date, probably due to European, Asian, 
and African genetic admixture (Reveille et al., 2001).  Subtype B*2709 is extremely rare 
and is present among Italians, primarily residing on the island of Sardinia, and is not 
associated with AS (Sieper, 2001).  
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CHAPTER 3 
METHOD & POPULATION SAMPLE 
The purpose of this chapter is to provide the methodological framework for how 
data were collected and analyzed for this project. The overarching goal of this research 
project was to study the relationship between the foodborne illness Y. enterocolitica and 
the incidence of arthritis in individuals, with and without contact with the domesticated 
pig, in light of HLA-B27 status.  The study involved assessment of any past or present 
diagnoses and or symptoms of gastrointestinal infection including Y. enterocolitica, all 
present or past symptoms of arthritis and or any diagnoses of arthritis, and HLA-B27 
status which varies according to ethnicity, in addition to other symptoms that are used to 
diagnose ReA (Khan, 1995; Sieper 2001; Sieper et al., 2002; Gaston et al., 2003; 
Kobayashi et al., 2005; Hannu et al., 2006; Misra, 2008; Townes et al., 2008; Rudwaleit 
et al., 2009, 2011.) 
 
Method 
Data collected through use of a questionnaire (Appendix A: Data Collection 
Instrument) were used to examine the following two hypotheses: 
 
H1: Individuals exposed to pigs and pig products through occupational activities, 
environmental and/or dietary contacts will be at greater risk of exposure to 
Yersinia enterocolitica. These individuals will display more signs and symptoms 
of foodborne illness. 
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H2: Individuals exposed to pigs and pig products through occupational activities, 
environmental, and/or dietary contacts will display an increase in the signs and 
symptoms of arthritis, ReA, and spondyloarthopathy than individuals with little to 
no contact to pigs and pig products. 
 
To satisfy both hypotheses, questions related to contact with pigs and their 
products, the symptoms and diagnosis of foodborne illness symptoms, and of arthritis 
were included on the questionnaire. T he questionnaire was developed to allow 
information to be gathered not only on Y. enterocolitica and reactive arthritis (ReA), but 
also on all forms of arthritis and foodborne illness and their relationship with contact with 
pigs and pig products.  Before data collection occurred, permission for the project was 
granted from the Institutional Review Board  (IRB) at Arizona State University 
(Appendix B).   Subjects were interviewed via opportunistic sampling from the general 
population.  Also, targeted populations within Arizona at pig farms were called and those 
that agree were interviewed.  For data analysis, all data was entered into excel, and then 
analyzed through the use of the statistical program SPSS 23. To best address the 
categorical data collected though the questionnaire, and it’s qualitative nature, Pearson’s 
Chi-Square test for variance was used for analysis, continuity corrected at the p<0.05 
level of significance to reduce error.  In addition, the relative risk ratio (RR) -the ratio of 
the probability of an event occurring due to an exposure between two groups was 
calculated for all factors observed.  
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The questionnaire focused on both present and past contact with pigs and pig 
products, and the nature of those contacts. Various forms of contact with pigs/pig 
products were investigated including: contact with farms, dietary contact, environmental 
contact, job contacts, as well as any other forms of contact. Questions were asked on the 
type of contact with pigs such as direct contact pigs, contact with pig blood, feces, 
environments soil, pens, and products, and where the contact occurred – at a farm, meat 
market, slaughter house/butcheries, job related contact, or any other contact such as 
having a pig for a pet or visiting petting zoos.   
 To address the first hypothesis (H1) numerous questions were asked during the 
interview process including any incidence of contacts with pigs and pig products, and any 
diagnosis of a foodborne illness (including that of Y. enterocolitica) made by a healthcare 
professional at some point in their lifetime.  Information gathered in the health 
assessment section of the questionnaire was used to address foodborne illness symptoms, 
including those related to Y. enterocolitica, and any post infection sequela that could be 
related to reoccurrence of reactive arthritis within the previous six months.  
Reported information was first analyzed in reference to contact with pigs and pig 
products to determine if any relationship existed between a diagnosis of a foodborne 
illness and contact with pigs/pig products.  To determine an individual’s foodborne 
illness current infection/exposure status, data were then studied for a relationship between 
current job activities and diet and contact with pigs and pig products.  
To address the second hypothesis (H2) the questionnaire asked about any past or 
present diagnoses and/or symptoms of gastrointestinal infection (including Y. 
enterocolitica), and all present and past symptoms of arthritis and/or diagnoses of 
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arthritis. This line of approach was chosen because no set standard has been established 
for the diagnosis of ReA, which relies predominately on clinical indicators of a preceding 
infection such as Y. enterocolitica, or symptoms characteristic of the whole group of SpA 
(Khan, 1995; Sieper, 2001; Braun et al., 2000; Sieper et al., 2002; Gaston et al., 2003; 
Kiratiseavee et al., 2004; Colmegna et al., 2004; Kobayashi et al., 2005; Leirisalo-Repo, 
2005; Hannu et al., 2006; Misra, 2008; Townes et al., 2008; Rudwaleit et al., 2009, 2011; 
Dillon et al., 2011). Data collected were analyzed in relation to the various forms of 
contact individuals had with pigs, pig products, and pig environments to determine if any 
correlations existed between contact type and the incidence of arthritis. 
Because ReA and its symptoms most frequently occur as an autoimmune response 
in patients that are positive for HLA-B27, the questionnaire addressed HLA-B27 directly 
by asking if status was known, but also through self-reported ethnicity due to the fact that 
HLA-B27 positivity varies in different ethnic groups (Khan, 1995).  Data on ethnicity 
was collected by asking about the ethnic identity of each individual’s parents and 
grandparent’s.  
 
Study Population  
Responses from 232 individuals were analyzed for this study. The study 
population included: 128 males and 104 females, between 18-65 years of age (Table 1). 
Due the large amount of admixture in the study population, data analysis for ethnicity 
was combined into three categories: White (American/European descent/admixture), 
Black (African descent/admixture), and Other (all other ethnicities including Japanese, 
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Chinese, Indian, Vietnamese, Korean, Middle Eastern, and Hispanic descent/admixture) 
to allow for statistical analysis (Table 2). 
 
 
 
 	  	  	  	  	  	  	  	  	  	  	  
Table 1. Population Age and Gender Frequencies 
Age Range Male Female Number Percent % 
18-25 75 49 124 53.4 
26-35 11 14 25 10.8 
36-45 19 14 33 14.2 
46-55 15 18 33 14.2 
56+ 8 9 17 7.3 
Total: 128 104 232 100% 
Table 2. Ethnicity Frequencies 
Ethnicity Number Percent % 
Black/Black Admixture 19 8.2 
White/European Decent 152 65.5 
Other: Asian, Middle Eastern, Hispanic Decent 61 26.3 
Total: 232 100% 
57 
CHAPTER 4 
RESULTS 
Hypothesis 1 
The following hypothesis was tested: Individuals exposed to pigs and pig products 
through occupational activities environmental and/or dietary contacts will be at greater 
risk of exposure to Yersinia enterocolitica. These individuals will display more signs and 
symptoms of foodborne illness. 
 
Foodborne Illness and Contact  
Within the study population 21 individuals were told by a doctor that they had, or 
were “diagnosed”, with a foodborne illness at some point during their lifetime.  The 
results from the data indicate that there is a significant relationship between farm contact 
with pigs or pig products and being diagnosed with a foodborne illness (p<0.05; at 
p=0.050).  Data analysis indicate that contact with pig and/or their products at farms has a 
relative risk of RR=2.982.  Therefore, an individual that has contact with farms is almost 
three times more likely to be diagnosed with a foodborne illness (Table 3).  
 
 
 
 
Table 3. Foodborne Illness Diagnosis and Contact with Pigs/Pig Products 
Contact Type Significance Relative Risk 
Farm Contact  (5/17) 0.05  RR = 2.982 
Diet Contact   (16/162) 0.677 RR = 1.381 
Other Contact  (1/10) 1.0  RR = 1.111 
Environmental Contact (2/15) 0.895  RR = 1.523 
Job Contact (5/38) 0.512  RR = 1.595 
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The study also addressed signs and symptoms of foodborne illness observed 
within the last 6 months including those related to Y. enterocolitica and the post infection 
sequela related to development of reactive arthritis, and contact with pigs/pig products. 
Symptoms studied included: vomiting (40 individuals), fever (48 individuals), chills (40 
individuals), diarrhea (50 individuals), bloody stool (7 individuals), stomach cramps (56 
individuals), headache (114 individuals), joint pain (64 individuals), muscle aches (74 
individuals), and backache (77 individuals).  Joint pain, muscle aches, and backache are 
symptoms that may indicate post infection reactive arthritis.  This stage typically follows 
the onset of diarrhea from one to two weeks (within a range of 1-38 days), and occurs 
most often in people that are HLA-B27 positive (Resnick et al., 1981; Ansell, 1994; 
Taccetti et al., 1994; Montville et al., 2005; Schiellerup et al., 2008).  
Symptoms were analyzed in individuals that had contact with pigs and pig 
products through diet and/or current job contact.  These individuals were chosen for 
analysis because they clearly showed recent pig and pig product contacts within the last 
six months.  Data indicated that 14 individuals within the population (14/232) had contact 
with pig and pig products at their current job, with seven individuals indicating that they 
currently experienced or had experienced symptoms of foodborne illness within the past 
six months.  In addition, 162 individuals indicated that they consumed pig products.  Of 
the (162/232) individuals with dietary contact, 105 individuals indicated that they 
currently experienced, or had experienced symptoms of foodborne illness within the past 
six months. No significance was found for either of the contact types and for symptoms 
of foodborne illness (p>0.05) (Table 4). 
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Hypothesis 2 
The following hypothesis was tested: Individuals exposed to pigs and pig products 
through occupational activities, environmental, and/or dietary contacts will display an 
increase in the signs and symptoms of arthritis, ReA, and spondyloarthopathy than 
individuals with little to no contact to pigs and pig products. 
 
Arthritis and Contact  
The following arthritis types were diagnosed within the study population: 
rheumatoid arthritis (RA), reactive arthritis (ReA), undifferentiated arthritis, and other 
forms (i.e. osteoarthritis) (Tables 5-7).  No significance (p>0.05) was found for arthritis 
type and age, gender, or ethnicity within the study population.  In addition, no individuals 
reported that they were ever diagnosed with psoriatic arthritis, sacroiliitis or ankylosing 
spondylitis (AS), which similar to ReA are related to HLA-B27 positivity. 
 
Table 5. Arthritis Type By Gender Within the Study Population 
Arthritis Male  Female Total % With 
Arthritis 
% Arthritis 
Type Within 
Total 
Population 
Rheumatoid (RA) 2 4 6 31.6 2.6 
Reactive (ReA) 1 1  2 10.5 .9 
Undifferentiated 2 5 7 36.8 3 
Other 0 4 4 21.1 1.7 
Total: 19/232 5 14 19 100 8.2 
 
Table 4. Foodborne Illness Symptoms and Contact with Pigs/Pig Products 
Contact Type Significance Relative Risk 
Current Job     (7/14) 0.278  RR = 0.737 
Diet Contact (105/162) 0.406  RR = 0.907 
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Within the study population 171 individuals had contact with pigs and their 
products. Nineteen individuals within the total population (n=232) were diagnosed with 
arthritis, 18 of which had contact with pig and their products (Table 8). 
 
 
 
Table 6. Arthritis Type By Age Within the Study Population  
Arthritis 18-25 26-35 36-45 46-55 55+ Total % 
Rheumatoid (RA) 0 1 1 4 0 6 31.6 
Reactive (ReA) 0 0 1 0 1 2 10.5 
Undifferentiated 1 1 1 2 2 7 36.8 
Other 1 1 0 2 0 4 21.1 
Total: 2 3 3 8 3 19 100 
Table 7. Arthritis Type By Ethnicity Within the Study Population  
Arthritis Black/Black 
Admixture 
White/White 
Admixture 
Other Total 
Rheumatoid (RA) 1 4 1 6 
Reactive (ReA) 0 2 0 2 
Undifferentiated 0 7 0 7 
Other 0 3 1 4 
Total: 19/232 1  (5.3%) 16 (84.2%) 2 (10.5%) 19 
Table 8. Frequency of Arthritis Diagnosis and Contact with Pigs and Pig 
Products 
 Frequency Total Percent % 
 Pig 
Contact 
No Pig 
Contact 
  
Arthritis Diagnosis 18 1 19 8.2 
No Arthritis 153 60 213 91.8 
Total 171 61 232 100 
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The results from the data indicate that there are significant relationships between 
contact type and being told by a doctor that an individual has arthritis, or a “diagnosis” of 
arthritis. The data shows that individuals that have contact with pigs and pig products at 
farms, and individuals that have environmental contact, are both highly significant for 
being diagnosed with arthritis (p<0.05; at p=0.000).  In addition, contact with pigs and 
pig products through job contact and other contacts also was significant at p<0.05; at 
p=0.028 and p=0.047 respectively. The data also indicate that contact with farms and 
with pig environments increases the likelihood of being diagnosed with arthritis. 
Individuals in these settings are greater than six times more likely to be diagnosed with 
arthritis. The relative risk for farm contact is RR=6.941, and RR=6.779 for environmental 
contact. Also, individuals that have contact with pigs and pig products at their jobs are 
almost three times more likely (RR= 2.980), and individuals with other forms of contact 
are four times more likely (RR=4.166) to be diagnosed with arthritis (Table 9). 
 
 
 
 
In addition, a total of 58 individuals reported experiencing joint pain and/or 
symptoms of arthritis. Farm contact and environmental contact both show significance 
for joint pain and symptoms of arthritis, with farm contact showing the greatest amount 
of significance (p<0.05, p=0.000), and environmental contact significant at p<0.05, 
Table 9. Diagnosis Arthritis and Contact with Pigs/Pig Products 
Contact Type Significance Relative Risk 
Farm Contact  (8/22) 0.000  RR = 6.941 
Diet Contact   (15/162) 0.520  RR = 1.619 
Other Contact   (3/10) 0.047  RR = 4.166 
Environmental Contact  (6/15) 0.000  RR = 6.779 
Job Contact  (7/38) 0.028  RR = 2.980 
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p=0.003.  Individuals with farm contact also have a relative risk of 2.757, and those with 
environmental contact have a relative risk of 2.666, giving both forms of contact greater 
than two times more likely for joint pain and the symptoms of arthritis (Table 10).  
 
 
 
Summary of Results 
Overall, the findings presented by the results provide insight on relationships 
between contact with pig and pig products, foodborne illness and arthritis. The data 
showed that individuals who have contact with pigs and pig product on farms are almost 
three times more likely to be diagnosed with a foodborne illness .  However, dietary and 
current job contact with pigs and pig products did not show significance for the 
occurrence of the symptoms of foodborne illness, including those related to YE and ReA.   
  Age, gender, and ethnicity did not appear to be factors in presence of arthritis 
within the study population. But significance was found for individuals with a diagnosis 
of arthritis who have contact with pigs/pig products at farms and pig environments, both 
with a very high relative risk (greater than six times more likely). In addition, significant 
relationships were also shown for a diagnosis of arthritis in individuals who have contact 
through their jobs with pigs and pig products. Individuals with job contact were almost 
Table 10. Joint Pain/Symptoms of Arthritis and Contact with Pigs/Pig Products 
Contact Type Significance Relative Risk 
Farm Contact  (13/22) 0.000  RR = 2.757 
Diet Contact   (43/162) 0.509  RR = 1.238 
Other Contact  (5/10) 0.135 RR = 2.100 
Environmental Contact  (9/15) 0.003  RR = 2.666 
Job Contact     (14/38) 0.101  RR = 1.628 
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three times more likely to be diagnosed with a foodborne illness, whereas those with 
other forms of contact are four times more likely to have a diagnosis of arthritis. Results 
also suggested that individuals who have farm contact, environmental contact, and job 
contact are twice as likely to display symptoms of arthritis. Dietary contact was not 
significant for symptom of, or a diagnosis with, a foodborne illness or arthritis, whereas 
farm contact was a significant factor for both foodborne illness and arthritis diagnosis and 
symptoms.  	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CHAPTER 5 
DISCUSSION 
No study has yet focused specifically on the relationship between reactive arthritis 
and any of the related spondyloarthropathies, Y. enterocolitica, and HLA-B27 status in 
the United States.  The goal of this dissertation project was to provide a baseline study for 
a future in-depth investigation of these relationships.  
 
Foodborne Illness, Arthritis and HLA-B27 
Yersinia enterocolitica is a major foodborne pathogen, unique because the 
domesticated pig is the main animal reservoir for pathogenic strains and the primary 
source for human infection. Yersiniosis – yersinal infection due to the contamination, 
handling, processing, and consumption of pig and pig products, and due to contact with 
pig environments - may prove to be a reasonable explanation for some of the cases of 
arthritis observed in past populations that are considered to be of unknown etiology 
(Bottone, 1981; Jones, et al., 2003).  Like other gastrointestinal infections, Y. 
enterocolitica is known to trigger autoimmune responses in humans, especially in those 
individuals who are positive for the HLA-B27 histocompatibility antigen as a result of 
the host’s immune response to Yersinia antigens (Dequeker et al., 1980; Bottone 1981, 
Leirisalo et al., 1982; Yu et al., 1985; Toivanen et al., 1985; Wakefield et al., 1989; 
Khan, 1995; Yu et al., 2003; Monteville et al., 2005; Petersal et al., 2005; Sikanjic et al., 
2009).  
Within the study population 162 individuals have dietary contact through the 
consumption of pork.  Of the 162 individuals that consume pork, 43 individuals 
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experienced joint pain and arthritis symptoms, and 15 were clinically diagnosed with 
arthritis.  However, no significance was found for dietary contact in relation to arthritis 
diagnosis or joint pain and arthritis symptoms.  However, significance (p<0.05, 0.000) 
was found for individuals with joint pain and arthritis symptoms who also had with 
symptoms of foodborne illness. This finding may relate to the fact that the symptoms of 
foodborne illness and the long-term sequela of Y. enterocolitica include joint pain, 
backaches, muscle aches, which can also be symptomatic of reactive arthritis.  
The signs and symptoms of foodborne illness tend to resolve after the bout with 
foodborne illness ended, but if an individual is HLB-27 positive they may continue to 
show and develop symptoms related to ReA (Toivanen et al., 2004). To address HLA-
B27 status for this project, individuals were asked if they knew if they were positive or 
negative for HLA-B27.  Within the study population only two individuals knew their 
HLA-B27 status and both were HLA-B27 positive (one person was diagnosed as having 
rheumatoid arthritis and the other with reactive arthritis).  Both HLA-B27 positive 
individuals had dietary contact with pigs/pig products, and the individual with ReA also 
had job contact, however neither individual indicated that they were diagnosed with a 
foodborne illness.  In addition, ethnicity did play a role for a diagnosis of arthritis and 
farm contact with the White/White Admixed population highly significant at p=0.000 – a 
result probably due to the fact that a large number of European/European-derived 
individuals are HLA-B27 positive (Khan, 1995). 
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Arthritis Symptoms  
Individuals in the study population ranged from age 18-65 years, and age and the 
effect on diagnosis of arthritis must be considered.  Arthritis would be expected to show 
significance for increasing age, however the findings from the data do not indicate that 
age in the study population had an affect on the diagnosis of arthritis.  Significance was 
found in farm contact/diagnosis of arthritis for the entire sample (p<0.05, at p=0.000), 
with the only age range with significance for individuals 26-35 years of age, but at only 
p<0.05, at p=0.031, which is not what would be expected if age was a major driving force 
for the development of arthritis.  However, the result in this study is consistent with the 
results in the published literature that indicates the majority of diagnosis with ReA occurs 
most frequently in young adults 20-40 years of age, males and females equally (Toivanen 
et al., 2004; Misra, 2008). 
 Similar to a diagnosis of arthritis and pig/pig product contact, the results for joint 
pain and symptoms of arthritis also showed significance.  Fifty-eight individuals within 
the sample population reported joint pain and arthritis symptoms.  The results indicate 
significant relationships for a diagnosis of arthritis with farm contact and environmental 
contact.  Significance was found for 13 of the 22 individuals who had farm contact  
(p<0.05; at p=0.000), with eight of the individuals diagnosed with arthritis.  Also, 
environmental contact and joint pain and arthritis symptoms were significant with 9 out 
of the 15 individuals that had contact with pig environments at p<0.005; p=0.003, and 6 
of the individuals were diagnosed with some form of arthritis.  However, diet, job, and 
other contact did not show any significance.  These results again indicate that there is a 
strong relationship between contact with pigs and pig products for arthritis symptoms, 
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similar to results found for arthritis diagnosis.  The relative risk for both farm and 
environmental contact were lower for the joint pain at arthritis symptoms -calculated to 
be 2 times more likely, whereas for diagnosis farm and environmental contact were 6 
times more likely.  This could be due to the transient nature of joint pain and symptoms, 
especially for reactive arthritis, which is known to go into remission or resolve (Resnick 
et al., 1981; Hui et al., Toivean et al., 1988, 2004). 
 
Arthritis and Reactive Arthritis  
The baseline prevalence of reactive arthritis in the general population of the 
United States is currently unknown (Helmick et al., 2008).  To date only a few studies on 
the incidence of reactive arthritis have been conducted in the U.S. (Morse et al., 1980; 
Townes et al., 2008) and no set standard has been yet established for the diagnosis of 
ReA.  Thus, diagnoses of ReA rely mainly on the clinical indicators of a preceding 
infection such as Y. enterocolitica, or on symptoms characteristic of the whole group of 
SpA (Braun et al., 2000; Sieper et al., 2002; Kiratiseavee et al., 2004; Colmegna et al., 
2004; Leirisalo-Repo, 2005; Hannu et al., 2006; Dillon et al., 2011).  For this reason, the 
questionnaire used for this study addressed symptoms and diagnosis of arthritis in 
addition to those of foodborne illness.  Stronger relationships were observed for the 
diagnosis and symptoms of arthritis in individuals with pig and pig product contact.  This 
result lends supports to the second hypothesis (H2), that individuals exposed to pigs and 
pig products through occupational activities, environmental and/or dietary contacts will 
display an increase in the signs and symptoms of arthritis, ReA, and spondyloarthropathy 
than individuals with little to no contact with pigs and pig products. 
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The data show a strong relationship between individuals told by a doctor, or being 
“diagnosed” with arthritis, and contact with pig and pig products.  The strongest 
relationships occurred between individuals who had contact at some point with pigs and 
pig products while handling and caring for them at a farm and with individuals that had 
environmental contact with pigs and pig products, coming in contact with factors such as 
soil.  Relative risk, the ratio between being diagnosed with arthritis and contact with pigs 
and pig products was calculated for the various contact types.  The relative risk was 
greater than 1 for all contact types, therefore contact increased the likelihood of being 
diagnosed with arthritis.	  	  Both farm contact and environmental contact were found to be 
significant at p<0.05; p=0.000 for a diagnosis of arthritis. The relative risk calculated for 
farm contact was RR= 6.941, and relative risk for environmental contact RR=6.779, both 
greater than six times more likely for a diagnoses for arthritis. 	  	  Another way of looking 
the results from this data is as an odds ratio.  For example, the odds of being diagnosed 
with arthritis and having farm contact is 8/14 (0.57) verses 11/199 (.05) for those that 
have no contact with farms, and 6/9 (0.66) verses 13/204 (0.06) for environmental 
contact.  By looking at the results in this manner allows for comparisons with other 
epidemiological studies.  
Of the 38 individuals who had job contact, 7 were diagnosed with arthritis, at a 
significance level of p<.05, p=0.028.  Other contact types also were found significant at 
p<0.05; p=0.047 with 3 individuals diagnosed with arthritis out of the 10 who had other 
contact.  The relative risk for a diagnosis with arthritis and job contact was approximately 
three times more likely (RR= 2.980), while other contact was approximately four times 
more likely (RR= 4.166) for being diagnosed with arthritis.  However, significance was 
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not found for dietary contact which had a relative risk that was slightly greater than 
1(RR-1.62) (Figure 1.) (Table 11). 
 
Figure 1. Relative Risk of Arthritis: 
	  	  
Table 11. Arthritis Diagnosis Relative Risk 95% Confidence Interval 
 Lower Bound Relative Risk Upper Bound 
Farm Contact 3.1261002 6.942149 15.416470 
Dietary Contact   0.5576212 1.620370  4.708573 
Job Contact 1.2540577 2.978070  7.072164 
Environmental Contact 2.9595738 6.676923 15.063419 
Other Contact 1.4451427 4.162500 11.989408 	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Significance was also found for job contact such as handling/caring for pigs, 
slaughtering, butchering, packaging pig products, or restaurant work and other contacts 
such as having pigs as pets.  These forms of contact have also been shown in studies to be 
connected to YE infection, which could eventually lead to reactive arthritis (Merilahti-
Palo et al., 1991; Nesbakken et al.,1991: Pilon et al., 2000; Fredriksson-Ahommaa et al., 
2001).  As with all forms of contact, risk of YE infection is reduced with good hygienic 
practices such as hand washing, preventing cross contamination, and proper cleaning and 
sanitizing of contact areas and food contact surfaces (Lund et al., 2000; Fredkrison-
Ahhomma et al., 2004, 2006).  Individuals with job contact and other forms of contact 
such as having a pig as a pet likely spend less time in direct contact with pigs and pig 
products and the contacts are probably more controlled, and better sanitized with less 
infectious material present.  
Within the study population of 232 individuals, the baseline prevalence for a 
diagnosis of arthritis was19 individuals (8.1%). The individuals diagnosed with arthritis 
included: six individuals with rheumatoid (RA) (31.6%), two individuals (10.5%) with 
reactive arthritis (ReA), seven (36.8%) with undifferinated arthritis, and four individuals 
(21.1%) with other forms (osteoarthritis, or not identified).  Due to lack of a set standard 
for ReA diagnosis, and many past cases of ReA diagnosed as “undifferentiated arthritis,” 
it is probable that the seven individuals in the current study who were diagnosed with 
undifferentiated arthritis (six of whom had contact with pigs and pig products) may 
actually be cases of ReA (Foley et al., 1984; van der Heijden et al., 1997).  
Past research in both the United States and Europe of Y. enterocolitica occurrence 
in pigs at the farm and slaughterhouse levels were conducted under the premise that Y. 
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enterocolitica already existed in both pigs and in farm environments (Pilon et al., 2000; 
Laukkanen et al., 2009; Fredriksson-Ahomaa et al., 2010; Poljak et al., 2010). The high 
level of significance observed in this study for farm and environmental contact with a 
diagnosis of arthritis suggests Y. enterocolitica infection may be acquired through direct 
or incidental contact with pigs and pig environments including blood, saliva, and feces, in 
addition to environmental contact with soil, water, bedding and pens where pigs live.     	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CHAPTER 6 
CONCLUSIONS 
As a baseline study this project revealed that interactions do take place between 
contact with pig and pig products, foodborne illness and the development of arthritis.  
The relationships between the foodborne illness Y. enterocolitica, the domesticated pig, 
and the development of arthritis remain intriguing from both anthropological and an 
environmental health perspective.  By understanding these relationships in present 
populations the incidence of arthritis observed in past populations can be better 
understood.  It is important to note - not only for this study, but for future studies - that 
Yersinia-associated arthritis is greatly under-diagnosed, and is commonly classified as 
undifferentiated arthritis due to the fact there is no set standard for diagnosis (Foley et al., 
1984; van der Heijden et al., 1997; Braun et al., 2000; Sieper et al., 2002; Kiratiseavee et 
al., 2004; Colmegna et al., 2004; Leirisalo-Repo, 2005; Hannu et al., 2006; Dillon et al., 
2011).  
 
Hypothesis 1 
Individuals exposed to pigs and pig products through occupational activities 
environmental and/or dietary contacts will be at greater risk of exposure to Yersinia 
enterocolitica. These individuals will display more signs and symptoms of foodborne 
illness.  
This hypothesis was tested by analyzing dietary contact and current job contact 
(such as working on a farm where pigs are present, work in meat markets, butchering and 
slaughtering of pigs, restaurant work, or veterinary work) with pig/pig products occurring 
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at the time of initial infection.  Although no individual reported ever having been tested 
for Y. enterocolitica, results do indicate that a relationship does exists between being 
diagnosed with a foodborne illness and farm contact.  The results generally support H1 in 
that contact with pigs and pig products do have a causal relationship with foodborne 
illness.  However, the development of foodborne illness signs and symptoms did not 
show significance with any type of contact, lacking support for the latter part of H1.  
 
Hypothesis 2  
Individuals exposed to pigs and pig products through occupational activities, 
environmental and/or dietary contacts will display an increase in the signs and symptoms 
of arthritis, ReA and spondyloarthropathy than individuals with little to no contact to pigs 
and pig products. 
The second hypothesis was more clearly supported by the data.  Results indicate 
that there is a relationship between individuals being diagnosed by a doctor as having 
arthritis, and contact with pig and pig products.  The strongest relationship was between 
individuals who had contact at a farm and environments where pigs and pig products 
were present.  Hypothesis 2 was supported in that that occupational contact (including 
farm, environmental, and job contact) all play a role in the diagnosis of arthritis. 
Environmental contact and farm contact exhibited higher levels of significance and 
greater relative risk.  Data also supported H2 because the joint pain and arthritis 
symptoms were significant for both farm contact and environmental contact – the two 
more likely stronger contacts than other contact types.  Interestingly, it was observed that 
only two individuals in the population were diagnosed with ReA - one with known HLA-
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B27 positivity and job contact with pigs, and seven individuals diagnosed with 
undifferentiated arthritis, which is often considered to be ReA.  Six of these of these 
seven individuals diagnosed with undifferentiated arthritis also had various contact with 
pigs and pig products. 
 
Future Study 
Results of this project provide valuable information not only to anthropology, but 
also to the fields of environmental health, study of foodborne illness, medicine and 
rheumatology.  Study of foodborne illness in the light of anthropology is a new approach 
for studies related to global health.  By investigation of arthritis incidence as it relates to 
foodborne illness in living populations, the prevalence of arthritis in past populations may 
be more clearly understood.  Ultimately, the information gathered through this project 
and future comparative cross–cultural studies in living populations can be used for future 
comparative studies of reactive arthritis and the spondyloarthropathies in 
paleopathological or bioarchaeological populations.  
Although this study was designed as a baseline approach, further study is needed 
to gain a better understanding of these relationships.  A more comprehensive in-depth 
study is needed including testing and identifying Y. enterocolitica at the farm and 
environmental level in pigs, and humans who have contact with the pig/pig products. 
Ideally, this testing should be done through the use of PCR and antibody testing to 
determine what bio/serotypes are found in the pigs at the farm level, and in the people 
who have contact with them.  This line of study also will best indicate if Y. enterocolitica 
is transmitted through the pigs and is present in the farm environments, and if it is being 
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transmitted to humans.  A study of this type is important because the geographic 
boundaries for Yersinia are no longer valid for pathogenic serotypes that once appeared 
to be distributed according to geographic niches.  For example, O:8 was once the 
predominant bio/serotype in pigs in the United States.  Recent reports however show that 
infections related to bio/serotype O:3 in the United States have markedly increased so 
that O:3 is now the predominant Yersinia serotype isolated from human stools (Bottone, 
1981; Hui et al., 2001; Lund et al., 2000; Hui et al., 2001, Monteville et al., 2005; Simjee, 
2007).  In addition, testing for HLA-B27 and using questionnaires and radiographs when 
appropriate will help fully identify arthritis in humans and how it relates to contact with 
pigs and pig products.   
Of interest for future study are populations from Panama.  They are ethnically 
diverse, and provide great potential for cross-cultural comparisons and studies of 
interactions between Y. enterocolitica, HLA-B27 and reactive arthritis.  In Panama 
populations often live in direct contact with domesticated pigs and pig-related 
environments dependent on socioeconomic status (Torres de Arauz, 1969; 
Mongabay.com; Slatton et al., 2008).  Study of the exposure and infection rates of YE in 
populations from Panama could also shed light on the specific Y. enterocolitica 
bio/serotypes found in pigs in Panama and the populations who are in direct and indirect 
contact.  As in the U.S., little research has been conducted Latin American populations, 
especially those from Central America including Panama, on the relationship between Y. 
enterocolitica and reactive arthritis. Instead, most studies of Latin American populations 
have focused on the relationship between occurrence of spondyloarthropathy 
(spondyloarthritis) and HLA-B27 status, and not on the causative agents (Sampaio-
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Barros et al., 2003; Buschiazzo et al., 2011; Martinez et al., 1999; Angulo et al., 2000; 
Cuchacovich et al., 2002; Valle-Onate et al., 2011).  Ultimately, this type of study would 
provide insight on if and how the globalization of the food market has affected the 
distribution rate of the different bio/serotypes in a global food economy.
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